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VITAMIN C STUDIES ON SURGICAL PATIENTS 
Marshall K Bartlett, M D , 

Chester M Jones, M D , 

AND 

Anna E Ryan, B A 

Boston, ^Iass 

FROM THE MEDICAL \ND SURGICAL SERVICES OF THE MASSACHUSETTS GENERAL HOSPITAL, BOSTON, M VSS 

In 1919, Aschoff and KoclP expressed the belief that in scuivy the pii- 
inai}'' deficiency consisted in a lack of 01 faulty development of mtercellulai 
cement substance That vitamin C is the specific agent of impoitance m the 
foimation of intercellular substance was pointed out by Wolbach and Howe,^^ 
in 1926 Menkm, Wolbach and Menkin,"’ latei, observed that when vita- 
min C was given to scorbutic animals, the amount of mtei cellular substance 
laid do\Mi m the tissues, as judged by microscopic sections, was m direct 
piopoition to the amount of vitamin C given 

More leceiit uork by Lanman and Ingalls'" has shown that the piesence 
of scurvy m guinea-pigs interfeies with wound healing, and suggested that 
a vitamin C deficiency might be of impoitance 111 clinical suigeiy They 
measuied the strength of healing wounds 111 the abdominal wall and in the 
stomach of normal and scorbutic guinea-pigs, by inflation of the abdominal 
cavity or stomach with an under controlled pressure They found that while 
the abdominal wounds m noimal animals ruptuied at an aveiage piessure of 
160 Mm of mercury, the wounds in scorbutic guinea-pigs luptuied at an 
aveiage piessure of 65 Mm The stomach wounds broke at 70 Mm of meicuiy 
in the normal animals and at an average of 30 Mm in the guinea-pigs with 
scui vy 

The present study was undertaken to detei mine whether vitamin C deple- 
tion, as indicated by its concenti ation in the blood plasma, could be shown to 
exist in surgical patients We have also studied the behavioi of vitamin C 
m the body during the postopeiative period to detect any changes which might 
occur that would clarify the role of vitamin C during the active healing 
process 

Determinations of the vitamin C content of the blood plasma hare been 
made on 13 noimal controls and on 188 patients Most of these determinations 
uere made by titi ation uitli mdophenol, using the method described b} 
Pijoan and Klemperei In some of the later woik, the modification of this 
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method for use with the photo-electi ic coloiimetei, as clesciibed Mindlen 
and Butler,® was employed When the concentration of cevitamic acid was 
great enough so that all the d3^e uould he reduced, the metaphosphonc acid 
filtrate was diluted i ro with 2 5 pei cent metaphosphonc acid and the calcu- 
lations modified accoidingly At the time that the change in method was 
made, duplicate determinations were done, using both methods A close 
correlation in the determinations was found, the photo-electric colorimeter 
giving usually slightly lowei leadings 

Since this work was started, a numbei of lepoits have appeared in the 
literature containing similai deteimmations on gioups of patients suffering 
fiom various disease conditions These aie in general agreement with oui 
studies 

From the woik of vaiious wiiteis it would appeal that an individual who 
is in a state of “saturation” with respect to vitamin C will show a fasting 
blood plasma level of about i 3 mg pei 100 cc of plasma, or slightly higher 
An inciease in the vitamin C intake fails to raise this level, and a laige propor- 
tion of the excess vitamin appears 111 the mine This optimum state, while 
theoretically the ideal one, is ceitamly attained in noimal life by only a small 
pioportion of the general population 

It IS agreed that a fasting blood plasma level of under o 5 mg per cent is 
definitely abnormal and that the piesence of such a level indicates that the 
vitamin C in the body tissues has been maikedly and pei haps dangerously 
depleted In clinical scuivy the plasma vitamin C level is usually 0 i mg 
per cent or lower The lange between 05 mg per 100 cc and “saturation” 
must, at the piesent stage of our knowledge, be considered normal, although 
It is evident that many individuals falling within this range show vaiying 
degrees of partial depletion, below the optimum “saturation” level 

Ingalls and Warren® studied 20 patients with gastric and duodenal ulcers 
They found then average blood plasma level to be o 29 mg per cent with a 
range fiom zero to i 15 mg pei 100 cc Wright and his coworkeis^- have 
reported blood levels on 49 patients with an avei age of o 62 mg per cent and 
a range from o 27 mg to i 54 mg per cent Faulkner and Taylor^ studied 
165 patients, of whom 95 had infection and 70 were free from infection The 
average for the first group was o 59 mg pei cent with a lange from o 10 mg 
to I 19 mg pel cent, and foi the patients without infection, the average was 
o 96 mg pel cent, with a range of o 1 1 mg to 2 42 mg pei cent Rhmehart 
and his coworkers^® studied 55 cases of active iheumatoid and “rheumatoid 
type” of arthritis, 13 patients with gonoirheal arthritis and 12 cases of hypei- 
tiophic arthritis Then contiol group was composed of 120 medical students 
The controls showed an avei age blood level of o 7 mg per cent, with a 1 ange 
of o 22 mg to I 45 mg per cent Of this gi oup, 26 6 per cent were below 
o 5 mg per 100 cc and 4 2 per cent below o 3 mg per cent Of the 55 patients 
with true rheumatoid or “rheumatoid type” arthritis, 89 per cent were below 
o 5 mg per cent, and 74 5 per cent undei o 3 mg per 100 cc The average 
for this group was 024 mg per cent The 13 cases of gonorrheal arthritis 
had an average level of o 22 mg pei cent, with a 1 ange of o 09 mg to o 64 mg 
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per cent, while the distribution foi the 12 patients with hypertrophic arthritis 
was above that foi the normal controls 

In using the fasting blood plasma level of vitamin C as an index of the 
degree of saturation or depletion of a given individual, certain facts must be 
kept m mind A change in the vitamin C intake, particularly when it is 
consideiably increased, may cause a change m the plasma content, which 
IS out of propoition to the actual degree of satuiation of the body as a whole 
In othei words, we feel that it is possible, b)’" means of large doses of cevitamic 
acid, to laise the plasma content to a “saturation” level without obtaining 
complete tissue satuiation This is shown by the fact that the plasma level 
falls shaiply when the administration of excess cevitamic acid is stopped 
Oui 13 1101 mal controls showed a blood plasma content varying from 

0 77 mg to I 62 mg per cent, with an average of i 24 mg pei cent In the 
series of 188 patients on whom fasting deteiminations were made, the average 
blood plasma level was 043 mg per 100 cc , with a variation from zeio to 

1 89 mg per cent Of the entiie series 126, or 67 per cent, were found to be 
below 05 mg pei 100 cc , and may be consideied definitely abnoimal with 
lespect to then vitamin C metabolism 

Table I 

BLOOD PLASMA CEVITAMIC ACID DETERMINATIONS ON l88 CASES 


Group 

Number 
of Cases 

Average Plasma 
Cevitamic Acid 
Mg per 100 Cc 

Range 

Mg per 100 Cc 

Pulmonary tuberculosis 

7 

0 40 

0 04-0 8s 

Ulcerative colitis 

10 

0 54 

0 04-0 97 

Osteomyelitis 

10 

0 40 

0 07-0 83 

Carcinoma of stomach 

18 

0 27 

0 04-0 61 

Carcinoma other than gastric 

19 

0 33 

0 02-0 89 

Arthntis 

23 

0 37 

0 04-1 22 

Gastnc and duodenal ulcer 

34 

0 34 

0 00- I 06 

Miscellaneous 

67 

0 57 

0 oo-i 89 

Totals 

188 

0 43 

0 oo-i 89 


To determine whethei the type of disease determines the degree of deple- 
tion of vitamin C, the patients were divided into several groups These arc 
shown in Table I That the average blood level of vitamin C in patients with 
gastric 01 duodenal ulceis is low has been pointed out by seveial i\rileis The 
point to be emphasized is that the a\eiage level m several of the other gioups 
IS of the same older of magnitude as m the group of ulcer patients, so that an 
equal degiee of vitamin C depletion is found, foi example, in patients with 
carcinoma, regardless of its location, and arthiitis The patients with pul- 
monary tuberculosis and osteomyelitis have only slightly higher aveiage levels 
The miscellaneous gioup shows a somewhat higher aveiage than the others 
This IS due to the fact that it includes a number of patients wnth benign con- 
ditions w'hose blood cevitamic acid levels wcie 1 datively normal 

It IS obviously impossible to make diiect deteiminations on the tensile 
stienqth of the healing wound m noimal postopeiatnc patients, and it was 
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felt that such observations made at autopsy would be affected by so many 
other variable factors that they would be unsatisfactor}'^ 

In an attempt to obtain data which might lead to infoimation on this sub- 
ject, we have followed the plasma level of cevitamic acid on a numbei of 
patients befoie and aftei operation As shown in Chart i, there is in most 
cases a definite, although sometimes tiansient, drop following operation It 
seems to be more maiked when the initial level is higher, and its degiee seems 
to be somewhat dependent on the extent of the suigical procedure 



Cukut I — Blood Mtamm C determinations on ten patients before and at 
various intervals after operation aie shown Most of them show a definite 
drop in the blood \itamm C le\el after operation This seems more marked 
when the initial level is higher and its degree seems to be somewhat de 
pendent upon the extent of the surgical procedure The operatne proce 
dures on these patients numbered to correspond with the numbers on the 
graph are (i) Lobectom> (2) Incision and drainage of chronic empjema, 

(3) Heriuorrhaph>, (4) Cholec>stectomy (s) Herniorrhaphy, (6) Abdomino 
perineal resection of rectum, (7) Gastric resection, (8) Posterior gastro en 
terostomj, (9) Gastric resection, (10) Gastric resection 

Eight patients weie followed carefully before and aftei opeiation with 
lepeated determinations of blood and urine No supplemental y vitamin C 
was given to these patients The results of these studies appeal in Chart 2 
The uiinaiy cevitamic acid vas detei mined by indophenol titiation, using the 
method desci ibed by Hai i is, Ra}'' and W ard ^ It must be kept in mind that 
the accuiacy of this method is limited by the piesence of othei substances in 
the urine which will reduce the dye These studies have been included, how- 
evei, because they seem of inteiest They fail to demonstiate any increase m 
urinary excietion following operation, such as has been desci ibed by Geissen- 
dorfei ® It IS inteiesting that the two patients with pulmonarjr tuberculosis 
excieted an amount of cevitamic acid which is much laiger than one would 
expect, consideiing then relatively low blood levels 

The consistent, although sometimes slight, fall in the blood cevitamic acid 
obseived aftei opeiation aroused oui mteiest, particularly since we could not 
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account for a loweiing of the blood level on the basis of inci eased excietion 
Since vitamin C is known to be of impoitance in tissue repair, any evidence 
of a change in behavioi, during a time when active healing is occuiring, sug- 
gested various interesting possibilities 

IVim 



6o 
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Ch\rt 2 — The blood le\el and the dailj unnarj excretion of Mtamin C, before and after operation 
ucie studied on eight patients and the results are shown abo\e The solid line represents the blood 
plasma Mtamm C n\ mg per too cc , and the broken line shows the urinary excretion of ce\itamic acid 
in mg per 24 hours No increase in excretion following operation was noted The two patients who 
had thoracic operations, both of whom were suffering from pulmonary tuberculosis, seem to excrete an 
amount of Mtamm C which is much larger than one would expect, considering their relatuely low blood 
le\ els 

In an attempt to obtain fuithei information which might have some bearing 
oil the metabolism of ascoibic acid duimg the postoperative period, we decided 
to stud} the 1 espouse of the blood IcacI and uimary excretion of vitamin C 
after the intiavenous admmistiation of test doses of i,ooo mg of crystalline 
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Levitamic acid dissolved in 20 cc of 1101 mal saline, befoie and aftei operation 
What might be called a vitamin C clearance curve was obtained by determining 
the fasting plasma level and the apparent rate of lemoval as indicated b) 
values obtained at intervals aftei a standaid amount of vitamin had been 
administered intravenously Such studies weie carried out on 14 patients 
In selecting these cases, we have chosen patients who had noninfectious 
lesions and who weie afebrile They weie all candidates for major surgical 
pioceduies, although some of them pioved to have inoperable malignancy and 
had only a simple exploiatoiy celiotomy 01 exploiation and colostomy The 
ages, diagnoses, type of opeiation and anesthesia are shown in Table II 


Table II 


Lse No 

Age 

Diagnosis 

Operation 

Anesthesia 

I 

33 

Duodenal ulcer 

Excision of ulcer 

Posterior gastro-enterostomy 

Ether 

2 

23 

Duodenal ulcer 

Postenor gastro-enterostomy 

Ether 

3 

20 

Duodenal ulcer 

P61ya resection 

Ether 

4 

30 

Duodenal ulcer 

P61ya resection 

Spinal 

5 

53 

Ca stomach 

Pdlya resection 

Ether 

6 

55 

Ca stomach 

Exclusion and Pdlya anastomosis 

Spinal 

7 

59 

Ca stomach 

Exploration Biopsy 

Ether 

8 

58 

Ca stomach 

Pdlya resection 

Ether 

9 

66 

Ca rectum 

Loop colostomy 

Ether 

10 

45 

Ca rectum 

Loop colostomy 

Ether 

r r 

60 

Ca rectum 

(1) Grom dissection 

( 2 ) Abdominoperineal resection 

Ether 

12 

64 

Ca rectum 

Abdominoperineal resection 

Spinal and 
ether 

13 

68 

Ca sigmoid 

Resection 

Ether 

14 

43 

Exophthalmic goiter 

Hemithyroidectomy 

Nitrous oxide 


The pieopeiative blood cleaiance cuiwes which we obtained aie siinilai 
to those of Wiight and his coworkeis^- and to those of Sloan,^^ and show the 
same variation in contoui, depending to some extent on the degree of 
vitamin C depletion of the individual as shown by the fasting blood level 
The curves on our 14 patients, togethei with thiee normal contiols, aie shown 
in Chart 3 

Sloan’s work is particularly interesting, because the oidei of magnitude 
of his determinations, made 15 minutes after the test dose, is the same as those 
obtained b)'^ W right and by ourselves He made, in addition, some determina- 
tions, at shoiter intervals aftei the initial dose, which indicate that the blood 
level immediately after injection is much highei, reaching 274 mg per cent 
m one case This is significant because it indicates that at the 15-minute 
interval the blood level is falling so rapidly that any slight delay m obtaining 
this blood sample might be enough to allow the blood level to change some- 
what We feel that this must be kept in mind in interpreting the 15-minute 
values At the end of one hour the curve has flattened out sufficiently to 
make the time factor less impoitant 
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When an intravenous dose of i,ooo mg of cevitamic acid is gnen on 
several days in close succession, the fasting plasma level tends to rise, as 
would be expected Simultaneously the peak of the curve becomes highei 
and Its rate of fall slower The tendency is toward the pattern of the curves 
shown by the normal contiols 

The cleaiance cuives obtained aftei operation show, m some cases, a 
marked change m contour In other cases the change was less maiked and 
in some, entirely absent When present, these changes appealed usuall} on 
the second oi third postopeiative day and peisisted foi seveial da3'S, sometimes 
as long as a week The change in contour consists m a lowering of the peak 


8U00D clearance CURVES FOLLOWING INTRAVENOUS ADMINISTRATION OF lOOO MGS OF CEVITAMIC ACtO 




Chart 3 — Blood clearance curves were obtained b> giving 1,000 mg of cevitamic acid dissolved 
in 20 cc of normal saime mtravenousl> The blood plasma Mtamm C was determined before and at 
intervals of 15 minutes, one, two and three hours after administration The curves obtained on three 
normal controls are shown at the left, and those on the 14 patients studied appear on the right The 
disease conditions from which these patients were suffering are shown m Table II 


to which the blood level uses immediately aftei the injection of vitamin C and 
a more lapid fall towaid the starting level The whole cuive becomes flat- 
tened and tends to lose the characteristic shape of the control curves 

All the data on these patients appeal m the piotocols appended to each 
case lepoit, and no attempt has been made to show giaphically all the curves 
obtained Only typical cuives, hefoie and aftei ojieiation, ate given to illus- 
li ate the vai lations winch occui Thus, Chai t 4 sliows the cm ves on Case 2. 
and Chait 7 those on Case ii, both of nhom show a marked change in the 
contour of then postopeiative curves Case 4, uhose curves appear m 
Chait 5, showed only modeiate postopeiative ciuve changes, while no change 
at all IS found m the cuives following opeiation in Case 10, as shown m 
Chait 6 


ABBREN lATED CASE REPORTS AND PROTOCOLS 

Case I —A male, age 33 . wa*! admitted to the hospital, following a massne liemor- 
ihagc fiom a duodenal iilcci On admission, his red blood cell count was 1800,000 and 
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hemoglobin 40 per cent His preoperative blood cevitamic acid was low on two de- 
terminations (014 and 007 mg per cent) The bleeding failed to stop, and an excision 
of the bleeding duodenal ulcer and posterior gastro-enterostomy were performed under 
nitrous oxide and ether anesthesia 






Protocol Case i 







Blood Vit C 

Urine Vit C 

Dosage 

Date 



Time 

Mg Per Cent 

Mg 

Mg 

1/8/38 


Fasting 

0 14 

7 8 


1/9/38 





21 5 


1/10/38 


Fasting 

0 07 


1,000 IV 




1 15 mins 

5 21 



Clearance 


I hr 

2 04 

72 9 





3 

0 78 




curve 


5hrs 

0 67 

211 9 





7 hrs 

0 61 





7 

'-24 hrs 


6 8 


1/11/38 


Fasting 

0 27 

9 5 


1/12/38 


Fasting 

0 07 

14 9 


1/13/38 


Fasting 

0 49 

11 2 


r/14/38 


Fasting 

0 34 


Operation 

1/15/38 


Fasting 

0 24 



1/16/38 





358 2 

1,000 I V 

1/17/38 


Fasting 

0 52 


1,000 I V 




f 15 mins 

I 81 



Clearance 


1 I hr 

I 09 






3 l^rs 

0 97 

194 3 



curve 


5 

0 89 






7 hrs 

0 83 

27 4 




7 

^-24 hrs 


64 0 


1/18/38 


Fasting 

0 55 

664 1 

1,000 I V 

1/19/38 


Fasting 

0 78 


1,000 IV 

1/20/38 





342 5 


1/21/38 


Fasting 

0 74 

913 7 

1,000 IV 

1/22/38 


Fasting 

0 79 


1,000 I V 

1/23/38 






1,000 IV 

1/24/38 


Fasting 

0 97 

570 3 

1,000 I V 

1/25/38 


Fasting 

I 06 

49 8 

1,000 I V 

r/26/38 


Fasting 

I or 

315 9 

1,000 I V 

r/27/38 


Fasting 

I 02 


1,000 IV 




15 mins 

6 69 



Clearance 

1 

I hr 

3 83 






3 hrs 

I 42 




V c 

i 

5 hrs 

I 13 

239 4 





7 hrs 

I 07 

5 7 




7 

^-24 hrs 


6 7 


1/28/38 


Fasting 

0 68 




The preoperative clearance curve is normal in contour, with a peak rising to 5 21 
mg per cent The curve on the third day after operation is markedly flattened, rising 
to 1 81 mg per cent No further curves were done until 13 days after operation 
During this time he had received ii doses of 1,000 mg of cevitamic acid intravenously 
The fasting blood level rose to i 02 mg per cent, and the curve regained its normal 
contour 
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It IS interesting to note that the amount of cevitamic acid excreted in the urine 
after the administration of i,ooo mg of cevitamic acid intravenouslj' was onlj shghtlv 
greater on the second day after operation and slightly lower on the third postoperative 
day, than the preoperative output had been, although the fasting blood level was higher 
after operation due to the vitamin C administered 

Case 2 — A male, age 23, was admitted to the hospital, for an obstructing duodenal 
ulcer His phj'Sical condition was good except for a recent loss of five pounds in weight 
Blood examination showed a red blood cell count of 4,350,000 with a hemoglobin of 80 
per cent His blood cevitamic acid level was low (007 mg per cent), and the pre- 
operative clearance curve was normal A posterior gastro-enterostomj was performed 
under nitrous oxide-ethei anesthesia 





Chart 4 — Cnse 2 The ^ itamin C clearance cur\ es before operation and on the second 
third and fihh postoperative da>s aie shown A marked change m contour occurs on the 
second and third postoperatu e daj, but on the fifth da> after operation the cur\e has re 
turned essentnll> to normal 

During the first 12 days after operation, ten doses of 1,000 mg of vitamin C weic 
given intravenously The curves on the second and third days after operation show 
marked flattening, while that on the fifth da}" has returned essentially to normal (Chart 4) 
The fasting blood level rises after operation in response to the administration of 
vitamin C, but the urinary output of ccMtamic acid following the intraienous adininis- 
tiation of 1,000 mg of cevitamic acid sho\\s only a slight increase after operation o\ei 
the amount excreted preoperatively 


Prolocol Case 2 




Blood Vit C 

UiineVit C 

Date 

Time 

Mg Per Cent 

Mg 

1/15/38 

T/16/38 

Fasting 

0 07 

28 4 

1/17/38 

1/18/38 



26 9 


Dosage 

Mg 


9 


1,000 I V 
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Protocol Case 2 {Coniinned) 




Blood Vit C 

Urine Vit C 

Dosage 

Date 

Time 

Mg Per Cent 

Mg 

Mg 


IS mins 

4 23 



Clearance 

I hr 

0 71 




3 Lrs 

0 68 

239 8 


^Ul V c 

5 Lrs 

0 22 

12 4 



7 lirs 

0 18 

19 5 


1/19/38 Pasting 

0 18 

3 2 


r/20/38 Fasting 

0 07 

12 7 


1/21/38 



20 4 


1/22/38 





1/23/38 





1/24/38 Fasting 

0 07 

15 7 


r/25/38 



20 8 


1/26/38 



20 3 


1/27/38 



10 8 


1/28/38 



8 7 


1/29/38 





1/30/38 



3 I 


1/31/38 Fasting 

0 02 

II 5 


2/ 1/38 



23 0 


00 



10 9 

Operation 

2/ 3/38 Fasting 

0 02 

9 7 


2/ 4/38 Fasting 

0 07 


1,000 I V 

Clearance I 

15 mins 

I 79 




, I hr 

0 37 



UUl V c 1 

i 3 Lrs 

0 21 

74 I 


2/ 5/38 I 

lasting 

0 II 


1,000 I V 

Clearance 1 

\ 15 mins 

I 42 




I hr 

I 29 



til V c 

, 3 lirs 

0 61 



2/ 6/38 



447 I 


2/ 7/38 I 

lasting 

0 35 


1,000 I V 

Clearance 

15 mins 

4 40 



< 

I hr 

2 10 



curve 

. 3 hrs 

I 47 

161 8 



;-24 hrs 


265 I 


2/ 8/38 Fasting 

0 64 

320 6 

1,000 I V 

2/ 9/38 Fasting 

0 61 

28 2 

1,000 I V 

2/10/38 Fasting 

0 44 


1,000 I V 

Clearance 1 

15 mins 

5 07 




I hr 

I 42 

208 7 


dll V C 

^ 3 hrs 

I 45 

31 6 


2/11/38 Fasting 

0 54 


1,000 I V 

2/12/38 




1,000 I V 




34 7 

1,000 IV 

2/14/38 



2 3 

1,000 I V 

2/15/38 



5 3 



Case 3 — A male, age 20, was admitted to the hospital, because of a duodenal ulcer 
which could not be controlled on a medical regimen He was in excellent general con- 
dition, had lost no weight, and showed a red blood cell count of 4,890,000 with a hemo- 
globin of 90 per cent His initial blood cevitamic acid level was low (0 12 mg per cent) 
A subtotal gastrectomy and posterior Polya anastomosis were performed under 
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cell count was 5,000,000 and hemoglobin 90 per cent He had an initial blood cevitamic 
acid level of 029 mg per cent 

The first clearance curve was done while he was receiving 3,000 to 4,000 cc of 
parenteral fluid daily Following this, a jej unostomy was performed for feeding, and 
parenteral fluid was discontinued Ten days later, another clearance curve was done 
It IS almost identical with the first one and we believe is strong evidence against the 
influence of even large amounts of parenteral fluid on these curves 
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Chart s — Case 4 Vitamm C clearance cur\es were obtained on tins patient before 
operation and on the first, second and fourth postoperatue da>s A change m contour of 
the curve is seen, only, m the one obtained on the second daj after operation 


At operation, a subtotal gastrectomy with a posterior Polya anastomosis was per- 
formed The clearance curve on the first day after operation shows no change On the 
second day the curve is definitely flattened, but it has resumed its normal contour on the 
fourth day (Chart 5) 

There is no significant increase in the amount of vitamin C excreted in the uiine 
after the intravenous administration of 1,000 mg of cevitamic acid after operation 




Protocol Case 4 

Blood Vit C 

Urine Vit C 

Dosage 

Date 

Time 

Mg Per Cent 

Mg 

Mg 

4/22/38 

Fasting 

0 29 


1,000 I V 

Clearance 

f 15 mms 

4 21 



1 1 hr 

2 01 

114 0 


curve 

[ 3 hrs 

I 16 



3-24 hrs 


88 I 


4/23/38 

4/24/38 

Fasting 

0 47 

7 4 


4/25/38 

4/26/38 

4/27/38 



28 2 

Operation (i) 
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Date 
4 / 28/38 
4 / 29/38 
4 / 30/38 
5 / 1/38 
5 / 2/38 
5 / 3/38 
. - 5 / 4/38 
5 / 5/38 

5 / 6/38 


Time 


- patient.: 

Case^^CoM 

■? '<^onhnned\ 

Blood V,i- ^ 

Drme V-jt C 

Mg 


Blood Vit c 

% Per Cent 


T)osage 

Mg 


curve 


5/ r/38 
5/ 8/38 
5/ 9/38 
5A0/38 
5 / 11/38 
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0 26 

1 Jhr 

3 95 
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curve j I hr 
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I I hr 
I 3 hrs 
^-24 hrs 


5 / 12/38 


•5A3/38 

‘^/H/38 


Clearance 
curve 


0 25 

4 54 

1 64 

o 87 

0 70 

2 54 

1 47 
0 85 


60 


Operation (2) 

^-000 I 


^»ooo r \r 
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Procotol Case 5 {Conhnued) 






Blood Vit C 

Urine Vit C 

Dosage 

Date 



Time 

Mg Per Cent 

Mg 

Mg 




15 mins 

4 90 



Clearance 

I hr 

I 71 




Pi I'PXTA 


3 hi*s 

0 78 




111 V W 


5 

0 73 

87 3 





^ 7 hrs 

0 33 






7 - 24 . hrs 


72 5 


1/14/38 


Fasting 

0 17 

12 4 


1/15/38 


Fasting 

0 27 



1/16/38 







r/17/38 


Fasting 

0 II 



1/18/38 


Fasting 

0 15 



1/19/38 


Fasting 

0 03 

37 8 


r/20/38 





16 4 


1/21/38 







r/22/38 


Fasting 

0 15 



1/23/38 







1/24/38 


Fasting 

0 17 


Operation 

1/25/38 


Fasting 

0 ri 

12 4 


1 / 26/38 


Fasting 

0 II 

19 0 


r/27/38 


Fasting 

0 07 

19 4 


1/28/38 


Fasting 

0 II 


1,000 I V 




15 mins 

I 05 



Clearance I 

I hr 

0 35 



curve 1 

I 3^rs 

0 17 

69 3 





5 brs 

0 04 






[ 7 hrs 

0 07 

28 0 




7 

^-24 hrs 


20 0 


1/29/38 


Fasting 

0 07 


200 I V 

1/30/38 





3 I 

200 I V 

1/31/38 


Fasting 

0 04 

25 0 

200 I V 

2/ 1/38 


Fasting 

0 31 

35 6 

200 I V 

2/ 2/38 


Fasting 

0 35 

26 2 

200 I V 

2/ 3/38 


Fasting 

0 51 

15 5 

200 I V 

2/ 4/38 


Fasting 

0 48 

49 I 

200 I V 

2/ 5/38 


Fasting 

0 73 


200 I V 

2/ 6/38 





77 4 

200 I V 

2/ 7/38 


Fasting 

0 75 

75 8 

200 I V 

2/ 8/38 


Fasting 

0 52 

13 5 

200 I V 

2/ 9/38 


Fasting 

0 70 

97 6 

200 I V 

2/10/38 


Fasting 

0 69 

97 9 

200 I V 

2/11/38 


Fasting 

0 63 


1,000 I V 




15 mins 

8 69 



Clearance 


I hr 

5 08 





1 

3 hrs 

I 60 




K^lXl V C 


5 f^rs 

I 33 






7 hrs 

I 09 



2/12/38 


Fasting 

0 61 




Case 6 — A male, age 55, entered the hospital, with a roentgenologic diagnosis of 
carcinoma of the stomach He was in good general condition except for a moderate 
secondaiy anemia His red blood cell count was 3,640,000 and hemoglobin 60 per cent 
He had an initial blood cevitamic acid level of 040 mg per cent At operation, per- 
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formed under spinal anesthesia, the growth was found to be inoperable and an exclusion 
operation with a Polya anastomosis was performed Following operation he recened 
1,000 mg of crystalline cevitamic acid daily 

The curve on the first day after operation shows definite flattening and the one on 
the third postoperative day shows some These changes are less marked than in Case 
13, w’^hich w'e believe to be due to his better general condition and higher initial ce\itamic 
acid level His behavior is \ery similar to that of Case 3 


Protocol Case 6 




Blood Vit C 

Urine Vit C 

Dosage 

Date 

Tune 

Mg Per Cent 

Mg 

hig 

2/24/38 Fasting 

0 40 


1 ,000 I V 

Clearance 1 

15 mins 

4 04 




1 I hr 

2 29 



curve 1 

i 3 hrs 

I 88 



K. 

;-24 hrs 


4 I 


2/25/38 



10 8 


2/26/38 





2/27/38 



19 5 


2/28/38 



9 9 

1 ,000 I V 

3/ 1/38 




Operation 

3/ 2/38 Fasting 

0 24 


1 ,000 I V 

Clearance 

15 mins 

2 84 



S 

I hr 

I 58 



curve 

, 3 hrs 

0 68 



3-24 hrs 


604 7 


3/ 3/38 Fasting 

0 57 

411 8 

1,000 I V 

3/ 4/38 Fasting 

0 78 


1 ,000 I V 

Clearance 

15 mins 

3 86 




I hr 

I 87 



uUl V c 

1 3 hrs 

I 51 

74 9 


3-24 hrs 


269 7 


3/ 5/38 Fasting 

0 72 


1,000 I V 

3/ 6/38 





3/ 7/38 





3/ 8/38 



100 I 

1,000 I V 

3/ 9/38 



45 8 


3/10/38 Fasting 

0 55 

18 3 


3/11/38 



12 I 



Case 7 — A male, age 59, entered the hospital, w ith a roentgenologic diagnosis of 
extensive carcinoma of the stomach He was in fair general condition His blood 
showed a red blood cell count of 3,550,000 with a hemoglobin of 50 per cent He stated 
that he had lost ten pounds during the past j'ear He had an initial blood ce\ itamic acid 
of 007 mg per cent 

Operation consisted of an exploratory celiotomy and biopsy of an inoperable gastric 
neoplasm During the fiist six days after operation four doses of 1,000 mg of cc\itamic 
acid w'ere given intra\ enouslj The clearance cur\e on the first daj after operation w'as 
cssentiallj unchanged On the third day the cur\e is flattened, but on the fourth da\ 
It had returned to its normal shape 

The amount of vitamin C excreted in the urine after tlie intra\enous administration 
of 1,000 mg of ce\itaniic acid does not become greater than the excretion before opera- 
tion until the fourth postoperatne daj, and corresponds with a considerable nsc in the 
fasting blood le\el 
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Ptotocol Case 7 


Date 

4/28/38 

Clearance 


curve 


4/29/38 

4/30/48 


Clearance 

curve 


5/ 1/38 
5/ 2/38 


Clearanc e 
curve 

5/ 3/38 

Clearance 

curve 


5/ 4/38 
5/ 5/38 


Clearance 

curve 


5/ 6/38 



Blood Vit C 

Urine Vit C 

Dosage 

Time 

Mg Per Cent 

Mg 

Mg 

Fasting 

0 07 


1,000 I V 

fi5 mins 

2 07 



1 I hr 

I 53 



1 3 hrs 

0 45 

38 0 


3-24 hrs 


3 4 





Oper ition 

F isting 

0 IS 


1,000 1 V 

f I ^ mms 

3 S8 



I hr 

r 91 



i 3 hrs 

I 03 

5 3 


3-24 hrs 


37 8 




17 9 


Fasting 

0 19 


1 ,000 I V 

[15 mins 

I '50 



1 I hr 

I 27 

8 9 


i 3 hrs 

0 74 

15 6 


3-24 hrs 


31 8 


Fasting 

0 37 


1 ,000 I V 

f 1 5 tmns 

3 



\ I hr 

I 66 

25 7 


[ 3 hrs 

I 10 



3-24 hrs 


449 4 




22 5 


Fasting 

0 66 


1,000 I V 

f 15 mins 

3 07 



j I hr 

I 89 

48 6 


[ 3 hrs 

I 23 

123 8 


3-24 hrs 


185 3 




12 7 



Case 8 — A male, age 58, entered the hospital, with a roentgenologic diagnosis of 
carcinoma of the stomach He was in good general condition except for a secondar} 
anemia of moderate degree His red blood cell count was 3,490,000 and hemoglobin 50 
per cent There was no histor}^ of recent weight loss His initial blood cevitamic acid 
level was 047 mg per cent 

At operation, a subtotal resection of the stomach with a posterior Polya anastomosis 
was performed There is flattening of the clearance curves on the second and third da^s 
after operation, although the latter is tending to resume a normal contour Tlie duration 
of the changes m the clearance curves is less here than in similar patients whose vitamin 
C depletion is more marked (Cases 2 and 5) 

On the second day after opeiatiou less vitamin C was excreted in response to the 
intravenous administration of 1,000 mg of cevitamic acid than before operation 


Date 

Time 

Protocol Case 8 

Blood Vit C 

Mg Per Cent 

Urine Vit C 

Mg 

Dosage 

Mg 

6/18/38 Fasting 

o 47 


1,000 I V 

Clearance j 
curve 

1 5 mins 

I hr 
[ 3 hrs 

5 84 

2 38 

I 85 

368 0 



6/19/38 
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Protocol Case 8 {Continued) 


Date 


Blood Vit C 
Time Mg Per Cent 


6/20/38 

6/21/38 

6/22/38 

Clearance 

curve 


Clearance 

curve 


Fasting 

0 

24 

15 mins 

2 

38 

■ I hr 

I 

52 

, 3 

0 

51 

3-24 hrs 



Fasting 

0 

41 

15 mms 

4 

73 

< I hr 

I 

85 

, 3 hrs 

I 

13 


UrmeVit C 
Mg 

4 o 


288 4 


Dosage 

Operation 
1,000 I V 


1 ,000 I V 


Case 9 — A male, age 66, had had an exploratory celiotomy and loop colostomy per- 
formed for inoperable carcinoma of the rectum He was in good geneial condition 
except for a lecent weight loss of ten to 15 pounds Blood studies showed his red 
blood cell count to be 4,470,000, and the hemoglobin 75 per cent He had an initial blood 
cevitamic acid level m the low normal range (066 and 087 mg per cent) 

The clearance curves after operation show no flattening In fact, the one on the 
second day has an exceptionally high peak 

The urinary excretion of vitamin C after the mtra\enous administration of 1,000 mg 
of cevitamic acid is somewhat greater on the second and third days after operation than 
preoperatively, but on the eleventh postoperative day it is less 


Protocol Case g 


Date 

Time 

Blood Vit C 

Mg Per Cent 

Urine Vit C 

Mg 

Dosage 

Mg 

3/15/38 Fasting 

0 66 

4 2 


3/16/38 Fasting 

0 87 


1,000 I V 

Clearance 

< 

curve 

15 mms 

I hr 

3 hrs 

7 80 

4 81 

I 74 

74 8 


3-24 hrs 

3/17/38 Fasting 

I 41 

162 0 

10 6 


3/18/38 

3/19/38 

3/20/38 

3/21/38 

3/22/38 Fasting 

0 58 

3 8 

0 9 

Operation 
1,000 I V 

Clearance j 
cun’'e 1 

3/23/38 1 

15 mms 

I hr 
[ 3lirs 

1-24 hrs 
lasting 

8 03 

6 36 

2 45 

0 75 

31-4 

1,000 I V 

Clearance 

< 

15 mms 

I hr 

13 46 

6 70 

65 I 


curve 

, 3 hrs 

4 64 

171 3 


3-24 hrs 

3, 24/38 Fasting 

I 27 

195 0 

1,000 I V. 

Clearance 

curve 

15 mms 

I hr 
i 3 hrs 

5-24 hrs 

8 68 

5 99 

I 87 

17 

641 7 
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Protocol Case g {Cant tuned) 

Blood Vit C Urine Vit C Dosage 

Mg Per Cent Mg Mg 

i6i o 

197 o 
109 8 

115 2 
34 9 
34 7 

0 68 1,000 I V 

4 02 

3 33 295 7 

1 90 

Case 10 — A male, age 45, was very similar to Case 9, except that he was younger, 
and had a lower initial blood level (034 mg per cent) His general physical condition 
was good There had been no recent loss of weight His blood showed a red blood cell 
count of 4,320,000 with a hemoglobin of 80 per cent He had an exploratory celiotomy 
and loop colostomy for inoperable carcinoma of the rectum There is no flattening of the 
cleaiance curves after operation (Chart 6) 

U 7r 




F 15m»ns I hour 2 3 F ISmios I hour 2 3 


Chart 6 — Case lo Vitamin C clearance curves were obtained before opeiation and 
two, three and five days aftei operation There is no flattening of the peak of the post 
operative curves, and, in fact, those on the second and third da>s after operation show a 
greater rise than before operation This can be attributed in oui opinion to the repeated 
intravenous administration of a large dose of cevitamic acid and does not occur, in out 
experience, when a more extensive surgical proceduie is earned out 
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3/31/38 


pasting 
Clearance j ^5 mins 
curve j ^ hr 
I 3 hrs 
3‘^2^ 


Pasting 
Clearance j ^3 mins 
curve I ^ hr 
I 3 hrs 
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4 03 
^ 58 

O gi 


H 


S 4 


35^ 4 
22 2 
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Case II — A male, age 6o, who entered the hospital because of a caicinoma of the 
lectum, IS particularly instructive because he was subjected to two separate operative 
procedures, the second of much greatei magnitude than the first 

He was in fair general condition, but had lost ten pounds in the past year His blood 
showed a red blood cell count of 4,960,000 with a hemoglobin of 90 per cent His initial 
blood cevitamic acid was on mg per cent The first operation was a biopsy of a rectal 
growth and a unilateral groin dissection Clearance curves done on the second and 
fourth days after this operation show no flattening, and their peaks rise successively 
higher as the fasting blood level increases 

Eleven days aftei the first operation, a combined abdominoperineal resection of a 
rectal carcinoma was cairicd out Following this there is marked flattening of the 
clearance curve, which persists until the seventh postoperative dav On the ninth day 
aftei opeiation the cuive has returned cssentiall}^ to noimal (Chart 7) 


Protocol Case ii 


Date 

5/26/38 

5/27/38 

Clearance 

curve 

5/28/38 
5/29/38 
5/30/38 
5/31/38 
6/ 1/38 
6/ 2/38 
6/ 3/38 
6 / 4/38 

Cle irance 
curve 

6/ 5/38 
6/ 6/38 

Clearance 

curve 

6/ 7/38 
6/ 8/38 
6/ 9/38 
6/10/38 

Cle ir mce 
curve 

6/11/38 
6/12/38 
6/13/38 
6/14/38 
6/1 “5/38 

Clearance 

curve 

6/16/38 

Clearance 

curve 



Blood Vit C 

Unne Vit C 

Dosage 

Time 

Mg Per Cent 

Mg 

Mg 



7 I 


Fasting 

0 II 


1,000 I V 

[15 mins 

3 77 



I hr 

2 21 

92 8 


[ 3 hrs 

I 15 

48 2 


3-24 hrs 


10 8 




6 4 




2 8 




7 3 

Operation (i) 



I 7 

1,000 IV 

Fasting 

0 07 


[ 15 mins 

4 90 



{ I hr 

2 08 



[ 3 lirs 

I 22 

121 5 




44 2 

1,000 I V 

Fasting 

0 55 


[ 1 5 mins 

6 09 



1 I hr 

3 58 



i 3 

I 71 

126 5 


3-24 hrs 


264 7 




7 4 




6 0 


Fasting 

0 71 


1,000 I V 

[15 mins 

5 63 



I hr 

2 07 



1 3 hrs 

I 58 

215 0 

Operation (2) 

Fasting 

0 24 


1,000 I V 

[15 mins 

2 42 



< I hr 

I 01 



i 3 hrs 

0 56 


1,000 I V 

Fasting 

0 14 


[15 mins 

2 40 



I hr 

0 92 



1 3 hrs 

0 51 
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Time 


Protocol Case ii {Continued) 

Blood Vit C Urine Vit C Dosage 

Mg Per Cent Mg Mg 


6/18/38 

6/19/38 

6/20/38 


6/22/38 


The increase in the amount of vitamin C excreted in the urine after operation in 
1 espouse to the intravenous administration of i,ooo mg of cevitamic acid is in pioportion 
to the rise in the fasting blood level 

Case 12 — A male, age 64, entered the hospital, suffeiing from a caicinoina of the 
rectum He had lost 35 pounds during the past eight months His led blood cell count 


Fastmg 

0 04 

1,000 IV 

[ 15 mms 

2 40 


< 1 hr 

I 06 


1 3 

0 21 


Fastmg 

0 45 

1,000 I V 

[15 mins 

4 46 


1 I hr 

I 75 


1 3 hrs 

I 02 



Date 

6/ 9/38 

Clearance 

cuin>’e 

6/10/38 

6/11/38 

6/12/38 

6/13/38 

Clearance 

curve 

6/14/38 

Clearance 

curve 

6/15/38 

6/16/38 

6/17/38 

6/18/38 

6/19/38 

6/20/38 

6/21/38 

6/22/38 

6/23/38 

6/24/38 

6/25/38 

6/26/38 

6/27/38 

Clearence 
cur\ e 


Time 

Fasting 

1 15 mins 
1 Iir 
3 hrs 
3-24 hrs 


Protocol Case 12 

Blood Vit C 
Mg Per Cent 
o 07 
6 93 
2 19 
0 66 


Urine Vit C 

Mg 


175 6 

40 4 


Dosage 

Mg 

1,000 IV 


Operation 


Fastmg 

0 04 

1,000 I V 

15 mins 

1 76 


s 1 hr 

I 48 


{ 3 hrs 

0 56 


Fasting 

0 04 

1,000 I V 

[15 mins 

I 74 


j 1 hr 

I 40 


1 3 hrs 

0 90 



Fastmg 

0 17 

1,000 

f 15 mms 

3 76 


s I hr 

I 90 


i 3 hrs 

0 98 
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was 3,300000 and hemoglobin 80 pci cent His initial blood cevitamic acid was 007 mg 
per cent 

The clearance curves on the second and third da>s after an abdominoperineal resec- 
tion of the rectum show typical flattening He had a icry stormy coinalescencc and 
was considered too ill foi fuithei studies 

A final cuive was done on the sixteenth day aftei opeiation and shows a fairl} 
normal contour, although the peak is somewhat lower than the original preoperative curve 
Case 13 — A male, age 68, entered the hospital, for resection of the sigmoid for 
ciicinoma He was in fairly good general condition except for a weight loss of 15 
pounds Hib red blood cell count was 4,400,000 and hemoglobin 80 per cent 

His initial level of blood cevitamic acid was 0 14 mg per cent, and the fiist cleaiancc 
cuive is normal for this starting level He then received ten intravenous doses of 1,000 
mg of cevitamic acid each This brought his fasting blood level up into the normal 
range and a second clearance curve showed a somewhat higher peak than the first one 
After operation, which was a resection of the sigmoid, under nitrous oxide-ether 
anesthesia, the curves on the second and fourth days are flattened, while that on the sixth 
day after operation has regained its normal contour 

The marked drop in the fasting blood level as well as the flattening of the peaks of 
the clearance curves, in spite of the daily administration of large intravenous doses of 
Vitamin C, both before and after operation, make this case of particular interest 

There is no marked increase m the excretion of vitamin C following the intravenous 
administration of 1,000 mg of cevitamic acid after operation The excietion inci eases 
gradually as the fasting blood level rises 


Date Time 


Protocol Case jj 

Blood Vit C Urine Vil C 

Mg Per Cent Mg 


2/ 9/38 

Clearance 

curve 


2/10/38 

2/11/38 

2/12/38 

2/13/38 

2/14/38 

2/15/38 

2/16/38 

2/17/38 

2/18/38 

Clearance 

curve 


Fasting 

0 14 


f 15 mins 

3 83 


j I hr 

1 44 


i 3 hrs 

0 51 

131 0 

3-24 nrs 


10 8 

Fasting 

0 04 

6 3 
223 5 

508 4 

Fisting 

0 97 

5 0 
283 5 
33 4 

Fasting 

0 77 


f 15 mins 

4 58 


\ I hr 

2 67 


[ 3 hrs 

1 65 

203 8 

3-24 hrs 


8 2 


2/19/38 

2/20/38 

2/21/38 

Clearance 

curve 


2/22/38 

2/23/38 

Clearance 

curve 


Fasting 

0 36 


fi5 mins 

2 84 


I hr 

I 78 


[ 3 hrs 

0 88 

237 

100 

Fasting 

0 08 


[ 15 mins 

I 71 


I I hr 

I 14 

254 

i 3 hrs 

0 55 

22 



o 


I 

8 


I 


Dosage 

Mg 

1,000 I V 


1 ,000 I V 
1,000 I V 
1,000 I V 
1 ,000 I V 
1,000 I V 
1,000 I V 
1,000 I V 
1,000 I V 
1,000 I V 


Operation 
1,000 I V 
1,000 I V 


1,000 I V 
1,000 I V 
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Protocol Case 13 (Conttnued) 



Blood Vit C 

Urine Vit C 

Dosage 

Date Time 

Mg Per Cent 

Mg 

Mg 

2/2413% Pasting 

0 29 

279 5 

1,000 I V 

2/25/38 Fasting 

0 32 


1,000 I V 

Clearance] '5 

4 73 



{ 1 hr 

I 91 



C Ul VC I - 

i 3hrs 

I 04 

231 9 


3-24 hrs 


90 0 


2/26/38 



1,000 I V 

2/27/38 


489 0 

1,000 I V 

2/28/38 


160 9 

1,000 I V 

3/ 1/38 


53 4 


3/ 2/38 Fasting 

0 44 

604 8 

1,000 I V 

3/ 3/38 


133 3 


3/ 4/38 


22 6 


3/ 5/38 




3/ 6/38 




3/ 7/38 




3/ 8/38 Fasting 

0 26 

26 5 


3/ 9/38 


10 4 


3/10/38 Fasting 

0 31 




Case 14 — This case is interesting because she was a woman, age 43, with exoph- 
thalmic goiter, who had been carried on iodine for two 3'^ears During this time her basal 
metabolic rate had gradually risen from about +20 to +50, and she was finally admitted 
to the hospital for thyroidectoni}’’ She had lost 20 pounds during the past year Her 
blood examination showed a red blood cell count of 3,583,000 and a hemoglobin of 70 
per cent Her initial blood cevitamic acid was 0 29 mg per cent 

The cleaiance curve before operation is normal in contour and those after operation 
show no significant change 



Protocol Case 14 


Blood Vit C 

Urine Vit C 

Mg Per Cent 

Mg 


5 8 

0 29 


5 01 


3 57 

10 3 

I 31 

2 2 

0 26 


4 63 


I 62 


0 95 

156 6 


ir 9 

0 62 


6 17 


2 33 


I 16 

271 7 

150 6 

I OX 
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Dosage 

Mg 

1,000 I V 

Operation 

1,000 I V 

1,000 I V 
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Discussion — In attempting to mteipret these changes m the behavioi of 
vitamin C during the postoperative interval, there are a numbei of factors 
which must be considered The geneial state of nutrition of the patient 
especially with lefeience to the degiee of vitamin C depletion, and the effect 
on the plasma cevitamic acid level of paitial starvation during the days im- 
mediately aftei opeiation must certainly be considered, as well as the type of 
anesthesia, the extent and duiation of the suigical proceduie and the amount 
of pai enteral fluid admmisteied dm mg and aftei operation 

We feel that the consistent fall in the plasma vitamin C observed aftei 
opeiation cannot be accounted foi entirely on the basis of deciease in vitamin C 
intake Most of the patients on whom these obsei vations were made (Chart i) 
weie allowed fluids by mouth, including fiesh fiuit juice, immediately aftei 
operation, so that an adequate supply of vitamin C w^as available throughout 
the postoperative inteival In addition, seveial of the cases showed a drop 
in the plasma vitamin C w Inch is fai too abiupt to be accounted foi on the basis 
of starvation alone, even if the diet aftei opeiation contained no vitamin C 
It does not seem that the changes in contoui obsei ved in the cleaiance 
curves after opeiation can be attiibuted to a deciease in vitamin C intake 
As a study of the piotocols wnll showq a number of the patients show^ed highei 
fasting plasma vitamin C levels, due to previous administiation of cevitamic 
acid, wdieii the postopei ative cleaiance curves weie made, and yet the curves 
showed the changes in contoui described These changes appear, although 
the intake of vitamin C has been gieatei than that piovided by the patient’s 
usual diet, as showm by the use in plasma cevitamic acid level 

We believe that we have evidence that the amount of parenteial fluid 
admmisteied and the type of anesthesia aie not of gieat importance in pro- 
ducing the changes in the clearance cuives following opeiation The first 
cuive on Case 4 was done w'hile this patient was leceiving 3,000 to 4,000 cc 
of intravenous fluid daily, and the second cuive aftei pai enteral fluid had 
been leplaced by jejunostom}' feedings Refeience to the piotocol on this 
patient will show the close similaiit)" of these cuives, wJiich w'^e think affords 
adequate pi oof that paienteial fluid does not play an important pait in alteiing 
the pattern of the cleaiance cuives 

Some of these patients w'^ere opeiated upon undei spinal anesthesia and 
others undei ethei The similaiity of the changes in the postoperative cleai- 
ance cuives, wdien comparable opeiations weie peifoimed, as illustiated in 
the piotocols, seems to indicate that these changes aie independent of the type 
of anesthesia 

Theie is some evidence wdiich suggests that the magnitude of the surgical 
piocedure beais a lelationship to the extent and duiation of the postopei ative 
alteration in the cuives One of oui cases in particular seems to lend direct 
evidence on this point Case ii had tw^o opeiations The first was a biopsy 
of a rectal giowUh and a unilateial gioin dissection The curves before, and 
on the second and thud days aftei, this opeiation aie essentially alike and 
show^ no significant postopei ative change The second opeiation w^as an 
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abdominoperineal lesection of the lectum, peifoimed ii days after the first 
operation Following this opeiation. the tolerance curves show a marked and 
typical flattening (Chart 7) which peisists until the curve obtained on the 
ninth day after opeiation 

The genei al nuti itional state and especially the degi ee of vitamin C deple- 
tion seems to be anothei impoitant factoi The thiee patients whose post- 
opeiative cuives shov no change (Cases 9, 10 and 14) were all m lelatively 
good physical condition, and not as markedly depleted in vitamin C as some of 
the othei cases studied (o 66 mg , o 34 mg , and o 29 mg per cent, respec- 
tnely) They had 1 datively little suigeiy, two having exploratory celiotomies 
and loop colostomies foi mopeiable lectal growths and the third, a hemi- 
thyroidectomy foi exophthalmic goitei The lesults obtained m Case 7 aie 
of inteiest in this legaid This man, in lather pool general condition and 
markedly depleted m Mtamm C, had only an exploiatoiy celiotomy and biopsy 
of an inoperable gastiic caicmoma The cuive done on the third day aftei 
opeiation shows definite flattening of the type aheady desciibed 

A study of the piotocols of Cases 2 and 3 seems to lend further evidence 
as to the importance of vitamin C depletion in the changes seen in the clearance 
cur\es obtained following operation The initial lilood levels were low 111 
both cases. Case 3 being slightly highei than Case 2 Foui daily intravenous 
doses of 1,000 mg of cevitamic acid weie given to Case 3, and his fasting 
blood level lose to o 54 mg pei cent on the day of opeiation He was subjected 
to a more extensive suigical piocedure than the other patient, yet his post- 
operative cleaiance cuives show less marked changes than do those of Case 2 
Summary — We believe that we have evidence that theie is a change m 
the behavioi of vitamin C dm mg the postoperative peiiod A fall m the 
fasting plasma level of cevitamic acid occui s immediately after opei ation, with 
a gradual letuin to the preopeiative level and when an mtiavenous dose of 
1,000 mg of cevitamic acid is given, it is lemoved from the blood stream moie 
lapidly than befoie opeiation 

The possible explanations foi these changes would seem to be Increased 
exci etion , increased desti uction m tbe body , utilization by the body , 01 
stoiage We have been unable to detect any increase 111 excretion following 
operation The amount of cevitamic acid excieted m the urine following the 
administration of doses of i 000 mg mtiavenously is usually less during the 
first few days aftei opeiation than it was l^efoie operation Whether the 
changes m cevitamic acid metabolism lepiesent inci eased desti uction, utiliza- 
tion 111 the healing processes 01 stoiage m the bodv cannot be detei mined at 
the piesent time 

CONCLUSIONS 

(1) Many hospital patients show a definite depletion of vitamin C Fast- 
ing, plasma cevitamic acid detei mmations on 188 patients show that two-thirds 
of them have a level of less than o 5 mg pei 100 cc 

(2) This state of depletion is not limited to aii} one disease gioup, and is 
found 111 patients with a vaiiet} of pathologic conditions 
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(3) Following operation, the fasting level of vitamin C in the blood plasma 
shows a consistent drop, with gradual return to the preoperative value 

(4) There is no mciease in the vitamin C excieted in the urine following 
operation, and the amount excreted 111 1 espouse to a dose of 1,000 mg of 
cevitamic acid given intravenously is not increased aftei opeiation 

(5) When 1,000 mg of cevitamic acid aie given intravenously and the 
plasma vitamin C detei mined at inteivals of 15 minutes, one houi and three 
hours, a chaiactenstic cleaiance cuive is obtained 

(6) Following opeiation the cleaiance curves may show a marked change 
111 contour These changes aie influenced by the geneial nutritional state of 
the patient, by the degree of vitamin C depletion, and by the extent of the 
surgical piocedure They do not seem to be affected by the type of anesthesia 
employed 01 by the amount of pai enteral fluid administered 

(7) We suggest that the moie rapid cleaiance from the fasting blood of 
vitamin C administered intravenously following opeiation is possibly depend- 
ent upon an increased need foi this substance in the piocess of tissue lepaii 
and wound healing 
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rmsic^l THEUAPl, S\FRDIOASK USSR 

In rfcent ycais lesection of the stomach has been widely accepted, not 
only as a method of tieatment foi cancel, but foi gastiic ulceis as well Nev- 
eitheless, many suigeons aie opposed to this opeiation, believing that the le- 
moval of such impoitant paits of the stomach as the pylorus oi antium 
ladically changes all digestive piocesses in the gasti o-intestmal tiact, and, 
theiefoie, cannot be without bad effects for the whole oiganism 

The gieat majoiity of suigeons who peiform gasti ectomy appaiently pay 
much more attention to clinical data, oi to the technic of the operation, than 
to the question of the postopei ative functions of the gastro-intestmal tiact 
As a lesult, the question of how digestion is earned on after gasti ectomy, of 
the mannei m which the lemammg pait of the stomach in its motor and 
chemical activities (including the livei and panel eas) reacts to gasti ectomy, 
and the pioblem of the influence of this opeiation upon the whole oiganism 
and upon its blood foiming organs, is still far fiom being solved 

The study of this pioblem as a whole natuially presents an mteiestmg 
task foi many mvestigatoi s The present communication is restricted to an 
investigation of but one phase of the whole, namely, to a study of the motor 
functions only of the lesected stomach Neaily all authors who have studied 
the activity of the stomach aftei lesection point out the consideiable change 
which takes place in its motoi functions Not only the foim and the topo- 
giaphic relations of the stomach aie changed, but a change is also to be ob- 
served in its tone The stomach walls become more feeble and distended 
(Spath, Fiiedemann, Kiischnei, Heitel and others) and food is promptly 
evacuated into the intestine The removal of the pylorus and antrum results 
111 insufficient maceiation of the food in the remaining portion of the stomach 
{"yestmagen”) Also, food is badly mixed together with the gastric juices, 
the secretion of which is rudely distuibed in consequence of the removal of 
the pyloric glands, as v ell as by the removal of the prepyloric part, the func- 
tion of which is to act as “the mam stimulator of the acid secietion” {‘^sanei- 
zuackei of von Beigmann, “sane) faby ik,” of Habeiei) 

Some authors (Neumann, Mirkin, and Moiosova, Raix, Kuschnorenko 
and Heitel) are of the opinion that all these phenomena, especially the prompt 
evacuation on the pait of the stomach lemaimng, may result quite inde- 
pendently of the method of the resection, i e , with regard to Billroth’s methods 
I or II 

Othei authois (Spath, Sauerniondt, Jansen, Beiesov, Bal and others). 
Submitted for publication October 13, 1938 
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on the contrary, have obseived that the food, aftei a Billroth I resection, was 
retained m the stomach for a longer time Bremer and Held offer the ex- 
planation, that the form of the stomach, resulting after resection by the Bill- 
loth I method, piomotes, to a consideiable degiee, slowei evacuation than 
the form of the stomach obtained when it has been lesected by the Billroth No 
II method A Billioth I leaves a gastiic stump, which being connected with 
the duodenum is located between two fixed points — the hiatus esophagus and 
the duodenum — that is, it is obliquely diiected fiom the left upper point down- 
waids to the right On the othei hand the stump of the stomach, lesulting 
from employment of the Bilhoth II method, is connected with the mobile loop 
of the gut, which bungs its axis into a veitical position in the upright postuie 
The latter gioup of authois mentioned, believe that such a vertical position 
of the gastric stump favois a quickei evacuation than the oblique position 
resulting fiom the Billroth I method 

The aveiage noimal evacuation time fiom the resected stomach, if it is in 
good condition clinically, lasts 20 minutes according to the obseivations of 
Rosenblat and Balaban, but Biemei and Held, Beresov and Stern, Goetze, 
Raiz and others, show that there may be such a shortening of this peiiod 
that the evacuation may be accomplished almost immediately Food entering 
the stomach is not letamed in it at all, but at once falls thiough the stoma of 
the anastomosis Theie then occuis the type of evacuation which Geimans 
term '‘stm sentleo ung ” 

A lapid evacuation is especiall}^ dangeious, because of the likelihood of 
the formation of peptic ulceis m the small intestine, especially in those cases 
where the stomach is not widely enough lesected and wheie, consequently, 
a part of the antium remains, thus letainmg the possibility of acid gastric 
juice secietion (Goetze) Some authois (Beresov and Stern) believe that 
the absence of the pyloius must be followed b} momentaiy evacuation, and 
that consequently eveiy lesection of the stomach should inevitably result in 
this Other investigators asciibe such a type of evacuation eithei to the 
method of the opeiation 01 to technical enois Most obseiveis, nevei theless, 
have noted rhythmic evacuation aftei gastrectomy, quite independent of the 
operative pioceduie employed, and following eithei a Bilhoth I 01 II method 
(Kalmanovsky, Seneque and Maix, and others) 

Thus, from a review of the hteiature, no definite conclusion can be diawn 
as to which of the two mam methods of gastrectomy can best provide the 
rhythm of the gastiic evacuation Goetze consideis that theie aie two oppos- 
ing sets of forces involved — the evacuating foices and the retaining ones 
The formei include the systole of the stomach and the hydiostatic piessuie 
of the food itself, which is measuied by the height of the liquid level in the 
stomach, measured fiom the exit The opposing foices are the anastomosis 
and the hydiostatic piessuie, the so-called ^‘huhholi'e” (which is measuied by 
the height fiom the lower pole of the stomach to the level of the anastomosis) 

The systole of the stomach depends on the musculature of the gasti ic wall, 
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the musculai fibers of which aie constantly in a state of definite contraction, 
1 e , the tone The expansion of the stomach on the i eception of food is a 
function of the tone Goetze believes that filling-out of the portion of the 
stomach lemaining aftei gastiectomy pi ogi esses m the same mannei as the 
filhng-out of the corresponding pait m an uniesected stomach Goecke, 
Schullei , Seneque and Mai x considei , too, that stomach tone does not suffei 
any change after resection, but lemains the same as before On fluoioscopy, 
the ail -bubble is to be seen just as well as in the normal, unopeiated stomach , 
and the contiast medium just as in a healthy stomach, smooths it out 

In addition to the tone of the resected stomach, the peristalsis plays a 
gieat pait m its evacuation Many authors think that peiistalsis is not always 
obseived aftei gastiectomy, and even not at once aftei the operation Held 
obseived peiistalsis in a few cases and then only m the form of shallow, 
supeificial waves Goetze noted it only duimg the fiist two or three weeks 
following the opei ation , later on, it was absent, from which he inferred that 
the stoma at the anastomosis had become strictured Fedorov, also, points 
out the lessening of peiistalsis aftei gastiectomy Seneque and Marx, owing 
to the absence of the anti um-p}doi ic segment following gastiectomy, deny 
even the possibility of peiistalsis Among eight patients m whom peiistalsis 
was obseived, six shoved stenosis of the stoma of the anastomosis, the result 
of a recuirent cancer These authors also believe that whenevei peiistalsis 
IS observed aftei gastrectomy, obsti uction of the exit fi oni the stomach should 
be asciibed as the reason Desmaies is of the same opinion 

Meyer-Buigdorf, and Heitel, observed that gastiic peiistalsis aftei the le- 
section IS independent of the method of opei ation Conti aiy to then opinion, 
Rosenblat attiibutes the onset of peiistalsis m the lesected stomach to the 
operative proceduie employed Using the Billioth I method, he observed 
peristalsis m 78 per cent of his cases , while using the Billroth II method, it 
occurred m onl}^ 39 4 per cent Hence, he concludes that it seems that the 
peristalsis following gastiectomy is the result of the lestoi ation of reflex rela- 
tions between the duodenum and the gastric wall 

The role of hydrostatic jDiessure, as a foice assisting evacuation fiom the 
resected stomach, is chiefly emphasized by Goetze, Spath, Kelhng, Mirkin and 
Moiosova, and Held The motion of the diaphiagm during the act of bieath- 
mg plays, too, a certain part among the foices contributing to stomach evacu- 
ation This IS especially evident fiom the obseivations of Biemer and Held 
upon the stomach, resected by the Billroth I method Here the remaining 
portion of the stomach (1 cstniagcu) is stiained along its lesser curvature be- 
tween the hiatus esojjhagus and the duodenum In consequence of this, mo- 
tions of the diaphiagm, by piessuie, considerably assist evacuation fiom the 
stomach But this may be observed only dm mg the first days follovmg oper- 
ation and, even then, only just after the beginning of a meal From five to 
10 minutes latei, undei the influence of the food, the stomach takes on the 
shape of an egg, its lessei curvature becomes moie lelaxed and, consequently 
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the diaphiagin, dunng bieathing, does not pioduce the previous influence 
upon evacuation 

Among forces delaying evacuation, the main foi ce is the so-called “play of 
the pylorus” in the healthy, unopeiated stomach In the resected stomach, 
this phenomenon is leplaced by the anastomosis, though Goetze believes that 
the latter does not possess the ability to close the entrance fiom the stomach 
Opposed to his opinion, a gioup of authois considei that the muscular ele- 
ments of the stomach foim some kind of sphinctei aiound the stoma of the 
anastomosis, which resembles the pylorus m its function These authors ob- 
served such a sphmcteric action only aftei resection by the Billroth I method 
(Spath, Rosenblat and Balaban, Hertel, Mirkin and Morosova, Wolfler, 
Maresch, Mayer and Schmidt) 

At the Twelfth Congress of German Surgeons, Wolfler demonstrated the 
stomach of a patient five years after a gastrectomy performed by the Billroth 
I method In the region of the anastomosis, he found a fold of mucosa having 
a height of 3 5 Mm , with a thickening of the muscular layer under it Beresov 
and Stein asciibe special value to the modification of the Billroth I method 
developed by Habeier, according to which the gastric wall is sewed up to the 
duodenum, being tied with sutuies in the shape of flounces With this, in 
the legion of the anastomosis, they found a thickened muscular layer, re- 
sembling somewhat a pyloric sphincter They aie of the opinion that the 
rhythm of evacuation practically depends upon the muscular contractions 
aiound this anastomosis These conti actions do not possess such a regtilai 
ihythm as does the pylorus, but lalei on the sphincter appeals to acquiie the 
same rhythm 

Experimentally, Bal, after pei forming a lesection of the stomach by the 
Bilhoth I method, with the Haberer modification, also noted a thickening 
of the muscular wall in the region of the anastomosis Finsterei , too, attaches 
gieat significance to the shape of the anastomosis, in regard to evacuation 
from the remaining stomach following gastrectomy He offers his own technic 
for this operation, in which he makes an anastomosis with an incision in the 
lowest part of the stomach, while the upper part of the gastric stump, with 
the adjacent loop of a small bowel, he inverts into the stomach by means of the 
pui se-string suture, thus forming a kind of valve ovei the anastomosis 

Some authors have obseived, on fluoioscopy, not only a filhng-out of the 
effei ent loop, but the presence of the contrast medium in the afferent loop as 
well Schwaitz, Ogloblin, Kelling, and Schemacher consider this phenomenon 
as having a positive value, while Notzel and Teschendorf judge the retro- 
grade filling of the afferent loop as a tendency of the organism to dii ect food 
along the normal unviolated channel Beresov and Ribinsky observed, during 
the retrogiade filling of the afferent loop, that there followed a heavy feeling 
and bilious eructations Finsterer, fearing that in this case the duodenal 
stump might be insufficient, recommends the fixation of the afferent loop to 
the upper pait of the gastric stump, thus foiming an aitificial spui He con- 
sidei s that this will prevent passage of the food into the afferent loop 
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MOTOR rUNCTIONS OF THE STOlNfAClI AFTER RESECTION 

Baud upon Pci wiuil Cluneal and Roentgenologic Ob<;eivations 

The appended obsetvations A\eic earned out undei the supei vision of 
Pi of L W Ratnei, and covei a period of six yeais (1930-1936) Seventy- 
toui patients weie examined, who, during this peiiod, had been subjected to 
gastiectomy foi vaiious conditions (Table I) 

Table I 

DISTRIBUTION ACCORDING TO DIAGNOSIS 


Diagnosis No of Cases 

Cancer of the antrum 9 

Cancel of the body of the stomach 1 2 

Ulcer of the antrum 6 

Pyloric ulcer 4 

Ulcer on the lesser curvature in the region of the angle 1 8 

Ulcer on the lesser curvature above the angle 1 4 

Duodenal ulcer 2 

Peptic ulcer 8 

Gunshot wound of the stomach i 


Total 


74 


The patient with the gunshot wound was operated upon m Berlin 
18 years ago, but for the last two years has been under our observa- 
tion 

Accoiding to sex, theie weie 55 males and 19 females Distiibution ac- 
coidmg to age gioups is given m Table II 

I 

Table II 


DISTRIBUTION ACCORDING TO -VGE GROUPS 


Age Group 
From 20 to 30 years 
From 30 to 40 years 
From 40 to 50 years 
From 50 to 60 years 
From 60 to 70 years 


No of Patients 
10 

31 

18 

13 

2 


The greatei numbei of patients (67) were opeiated upon by the Billroth 
II method with the Hackei -Eiselsbei g modification, of the lemainmg seven 
cases, five weie opeiated upon by the classic Billioth II method, and two 
cases, by the Polya-Reichel modification of the Billroth II method Ten sub- 
total lesections iveie peifoimed 

The loutine technic employed 111 the opeiation by the Billioth II method, 
with the Hackei -Eiselsbei g modification, was as follows* The vessels of the 

■' The operation described, designated as the Billroth II method, with the Hacker- 
Eiselsberg modification, may be found described m “Chirurgische Operationslehre,” V 
Kleinschmidt Published in 1927 Some authors ascribe the operation to Hoffmeister- 
Finsteier, or to Kronlein-Mikuhcz 
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gdstiocolic and gasti ohepatic omenta weie tied and the stomach fieed fiom 
adhesions A clamp was then placed upon the duodenum just beyond the 
pylorus, and another applied 2 cm distal to it (Foi the past two years, for 
this pin pose we have used the Shulman’s duodenal clamp ) The duodenum 
was cut between these two clamps The gasti ic stump, wrapped in gauze, 
was turned to the left, while the duodenal stump was sewed in two layeis, 
using a continuous catgut suture foi the mucosa and a knotted silk sutuie 
foi the seiomusculai coat A cut piece of omentum was sutuied over the 
stump A clamp was then placed upon the stomach, in the diiection from the 
lessei to the greatei cuivatuie, m such a way that the lesser curvature was 
caught up as far as possible above the angle A second clamp was applied 
distal to it Between them, with a continuous suture, at a distance of from 
6 to 8 cm , there was sewed up a loop of the small intestine nearest to the 
flexuia duodenojejunalis, passing the loop thiough a hole in the mesenterj' 
of the tiansveise colon, beginning fiom the gieatei cuivatuie Above this 
sutuie, below tbe fiist clamp, the pait of the stomach to be icsected was cut 
out, and the seved up loop of the small intestine was opened along its axis 
Upon the gasti ic and intestinal mucosa theie was placed a continuous catgut 
sutuie, that passed ovei the mucosa of the uppei pait of the stomach The 
second line of sutuies was placed upon the seromusculat coat of the stomach 
111 its uppei pait, and on that of the stomach with the intestine m the region 
of the anastomosis The gasti ic stump was sewed with separate sutures, up 
to the opening m the mesocolon In foui cases the opeiation was performed 
using the Peti ov-Vei esachmsk} modification of the method 

Befoie opeiation eveiy patient undeiwent the following examinations 

(1) Gasti 1 C analysis 

(2) Fecal analysis foi occult blood 

(3) Geneial analyses of blood and mine 

(4) Fluroscopy of the stomach, m which special attention was paid to the 
motor functions The shape of the stomach, its mobility, tone, peiistalsis and 
evacuation were studied In later years attention was also given to the out- 
lines of the gastric mucosa 

Postopeiative obseivations using the same scheme of examination as be- 
foie the opeiation weie continued at inteivals vaiying fiom two weeks to six 
yeais In cai lying out radioscop)’’, special attention was paid to the motor 
functions The majoiity of the patients (38) weie examined after operation 
from two to five times, giving a total of 132 radioscopic examinations of the 
stomach after lesection (Table III) 

Postope) ative Complaints — Out of 74 patients, only four (with symptoms 
of cancer recuiience, levealed on radioscopy) felt epigastric pressure and 
suffeied fiom vomiting aftei a meal One of them, following an operation 
that had been perfoimed m Berlin 18 years pieviously, suffered during the 
last thiee yeais fiom constant pains, which inci eased after ingestion of food 
and weie sometimes accompanied by vomiting The lemaming 69 patients 
considered themselves quite healthy 
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Table III 

FREQUENCY OF RADIOSCOPIC EXAMINATION 


Period of Postoperative 

Number of 

Operated Upon 

E\aminations 

Observations 

for Cancer 

From 2 \vks to i mo 

22 

8 

Prom I mo to 3 mos 

23 

7 

From 3 mos to 6 mos 

18 

6 

From 6 mos to i yv 

21 

9 

From i yr to 2 yrs 

21 

5 

Prom 2 }TS to 3 5^8 

17 

5 

From 3 3TS to 4 yrs 

4 

I 

From 4 3^rs to 5 yrs 

4 

I 

More than 5 yrs 

2 

I 

Totals 

132 

38 


All patients observed then diet only dm mg fii st month following the opei - 
ation If, dining this time, they bioke the diet, they stiff eied fioni a feeling 
of heaviness m the epigastrium, and occasional^ vomited But as soon as 
they letuined to their diet, all these phenomena disappeaied With time, 
more and more bioke then dietaiy legimen In fom oi five months following 
the Opel ation, 14 out of 18 tiaced patients tveie eating fieely any sort of food , 
and 111 from six to 12 months, onl}'- one of 21 patients was still dieting Still 
later, none of them dieted, some of them even consuming alcoholic beverages 
such as vodka 01 beei m excess, ivithout troublesome aftermath, with the ex- 
ception of one patient who complained of a feeling of weight m the epigasti lum 
after dunking thiee 01 four glasses of beer Thiee otheis suffeied similar 
epigasti 1C piessuie after an abundant meal, if it had been eaten quickly 
When food ivas eaten slowly they suffeied no distiess 

The above indicates the insufficient capacity of the lesected stomach, 
which being quickly filled, evokes the phenomenon of the so-called “small 
stomach” Similar phenomena w'-ere pointed out by Meyei-Buigdorf, Fm- 
sterer, Habeier and otheis Kelhng and Schuller diaw attention to the 
feeling of hungei that arises soon after a meal and forces the patient to eat 
more often In our senes, only one patient expeiienced a feeling of hungei 
wnthin a twm-hour peiiod after ingesting food The otheis took their food 
thiee 01 four times a day, and experienced a feeling of hunger m fiom fom to 
five horns aftei the meal The amount of food they took exeited little dif- 
feience fioni that taken by a healthy peison 

Biesenberged and Wiesei explain complaints of the epigastric pi essui e aftei 
a meal, by the presence of a sinus in the gasti ic stump below'’ the level of the 
anastomosis They consider that m such a "sackcnmagen” letention and the 
stagnation of food occui In our cases w^e could obseive the piesence of such 
a sinus m six patients In one patient, the sinus w as at first insignificant m 
size, but gradually enlaiged during fillmg-up wnth the contiast medium None 
of the SIX above-mentioned patients expeiienced any disagreeable feeling 
after a meal, and all felt themselves quite healthy Thus our data do not 
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tonflmi the opinion of Biesenbeigei and Wiesei on the harmful influence of 
the sachenmagen ” 

Shape of the Raecfed Stomach — Tulnzako\ and Golooshko believe that 
the shape of a lesected stomacli depends only upon the surgeon, and has 
nothing to do with its jireopei ative foim Opposed to this, Goet/e considers 
that the i esected stomach should pi esent on i adioscopy the shape of the whole 
stomach In all oui patients we found that the i esected stomach took on the 
shape of a funnel, sometimes elongated, sometimes shortened The axis of 
such a funnel was always directed vertically with lefeience to the anastomosis, 
either at the very apex of the funnel, or a little bit to the side of it Seneque 
and Marx obseived the same shape of the resected stomach by the Billroth 
II method 

Such a form of the i esected stomach becomes easily understandable, 
if it IS remembered that in perfoimmg the gastiectomy by the Billroth II 
method, when we cut of¥ the i esected pait, c\e made, m accoi dance with our 
technic, the incision fi om the lessei toward the gi eatei cui vatiii e from above 
the right side downwai ds to the left, the anastomosis being made at the lowest 
angle of the gastric wound Both foi cancer and foi ulcer operations, we 
intentionally left the lessei cuivature as little as possible, because our obser- 
vations demonstiated that ulceis always recui upon the lessei curvature 
Cancer recui rences, too, took place m the gasti ic stump along the lessei curva- 
ture In addition, the foim of the resected stomach is gieatly influenced by 
the tone of gasti ic walls Seneque and Maix aie of the same opinion 

Volume of the Stomach — The volume of the stomach varied considerably 
depending upon the size of its lemaining pait, on the constitution of the 
patient, and on the lapse of time since the opeiation With all other condi- 
tions equal, the longer the lapse of time since the opeiation, the larger the 
volume of the i esected stomach During the first three months following the 
operation, only six patients out of 45 examined, had a stomach of average size 
All the otheis revealed small stomachs high in the subcostal region, which 
were but little distended aftei the ingestion of a full portion of the contrast 
medium Aftei a lapse of time, the volume of the stomach increased , after a 
year or more we found the stomach to be of small size in only nine out of 47 
patients In all the others the lowei bolder of the stomach had attained a 
depth of from 3 to 4 cm above the unresected stomach, and in one case it 
even leached this level In no case did we observe the border reaching lowei 
than the pievious level A gradual enlaigement of the resected stomach mani- 
fests itself as a 1 ule , but the sizes and lapses of time for this enlargement to be 
eflfected diffei It is not always possible to deteimine the exact causes upon 
which depend the degree and rate of distension There is no doubt that the 
tone, the geneial condition of the patient and the food burden of the stomach 
are responsible We were never interested in this question, because we 
noticed no connection between the size of the 1 esected stomach and the manner 
of its evacuation 

Stomach Tone — As the tone of the stomach influences gieatly its shape 
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before the operation, doubtless it cannot cease to be an influencing factoi 
after the operation This can be proved by the fact that where we observed 
a lessening tone in a considerable number of resected stomachs, these took 
on the shape of the elongated funnel, wheieas, in those cases whete the 
stomach was m a shape of a shortei and widei funnel, the tone was satisfac- 
tory and noimal 

It might be thought that hypotonus of the stomach obseived in some cases 
befoie the opeiation nould lemain the same after the gastiectomy This is 
not tiue Oui observations have shown that lessened stomach tone giadually 
improves and becomes a satisfactory noimal one after gastiectomy 

This chiefly concerns those cases where, before the opeiation, we had 
found an atonic oi hypotonic stomach accompanied by pyloiic stenosis in con- 
sequence of ulcer 01 cancer By resecting the stomach and thus creating a fi ee 
exit of food from it, we remove the cause that led to the gasti ic hypotonicity , 
namely, the stenosis, and give to the muscular fibers of the stomach the possi- 
bility to restoi e after a lapse of some time, sometimes vei y soon, its conti active 
ability 

Twenty-eight out of 45 patients, concerning whom exact ladioscopic data 
of the stomach befoie the operation had been obtained, showed hypotonic or 
atonic stomachs Aftei gastiectomy, m periods of fiom two weeks to one 
month, m eight out of 16 patients still undei obseivation, we still found an 
hypotonic stomach, in three months, only four out of 18 under observation 
still showed an hypotonic stomach, after six months, and later, we found no 
patient with atonic or hypotonic stomachs 

The lecovery of tone by the resected stomach. is well demonstiated by 
systematic observation of the same patient We traced for a period from 
five to SIX years after gastiectomy, at vaiious intervals, 22 patients who had 
hypotonic stomachs befoie opeiation In seven cases the stomach was 
restoi ed to normal tone in fiom one to thiee months and kept it during 
subsequent examinations In six months only one case still showed an atonic 
stomach 

The tone of a normal oi resected stomach, we determine by the manner 
of its contraction on the reception of the contrast medium, by the shape of the 
air-bubble, and by its shape as a whole Hypotonus of the resected stomach 
is levealed when the first portion of the contrast medium, enteiing the 
stomach, takes on the form of a prolongated triangle, when the air-bubble 
becomes drawn out downwards, and when the stomach itself takes on the shape 
of an elongated funnel On the other hand, m the case of a hypertonic stomach, 
the conti ast medium while distending the stomach should be of a triangle 
shape, the lowei end of which is near the right angle , and the air-bubble is 
flattened ® 

Pc; isfalsis —In only thiee cases out of 132 fluoioscopic examinations made 
on 74 patients did we fail to see gastric peristalsis In all the othei cases v e 
have usually found a shallow 01 ^\eak peiistalsis along the gi eater cnivatuie, 
and often along the lesser cuivatuie as well We nevei observed a deep and 
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pronounced peristalsis Peiistalsis could be seen veiy shoitly aftei gastrec- 
tomy Two weeks after lesection the appeal ance of supeificial, lax peristaltic 
waves could be noticed after the entiance of the contrast medium, at first 
along the greater cuivature and then, sometimes, also along the lessei 
curvature 

These waves could be obseived also m those patients in’' whom, duiing 
lesection, the laige blanches of the vagus neive had been cut This is quite 
compi ehensible, if we take into consideiation that basically the peiistalsis is an 
automatic gastric function diiected piincipally by its own autonomous neive 
centers which he in the gastiic wall itself Seneque and Maix are of the 
same opinion 

Based on his observations that gastiic peiistalsis, following opeiation by 
the Billroth I method, is moie often to be obseived (in seven out of nine 
cases), than aftei the opeiation b}'^ the Billroth II method (m 13 out of 33 
cases), Rosenblatt diaws the conclusion that the method of operation influ- 
ences considerably the peiistalsis, and that the lattei is evidently the result of 
a restoration of the neivous leflex connection between the duodenum and 
the gasti 1C w’all The pi esence of the pei istalsis in nearly all our cases (in 71 
out of 74 cases), wdio w'^eie opeiated upon by some modification of the Bill- 
10th II method, dispioves his suggestion Likewise, our observations dis- 
piove the opinion of Seneque and Marx, who deny even the possibility of 
peristalsis in the lesected stomach because of the lack of the antro-pyloi ic 
segment 

Peristalsis in a healthy, unopeiated stomach is of great impoitance for 
evacuation, because its waves foice the gastric contents towaid the pyloiiis 
and farther on into the duodenum, meanwhile lesulting in better mixing to- 
gether of the food and gastiic juices Whethei the peiistalsis plays the same 
idle foi the resected stomach is a question still unsolved At any late, its 
pi esence at the time of food reception in the lesected stomach alieady indi- 
cates its participation m the piocess of food evacuation fiom the stomach 
The real part whieli the peiistalsis plays in the motoi functions of the re- 
sected stomach will become cleaiei on fiiithei analysis of the basic processes 
of gastric evacuation 

Evacuation m the Resected Stomach — If Goetze’s opinion is accepted, that 
the evacuation of any stomach is a lesultant of the interplay of opposing 
foices, some leading to the evacuation and othei letaiding it, we may begin 
an analysis of how these foices leact to bung about evacuation of the re- 
sected stomach One of the mam factois is the hydiostatic pressure of the 
food itself It IS greatei, the highei the level of the liquid content in the 
stomach From this point of view the hydiostatic piessure m the stomach 
aftei the operation by the Billroth II method is consideiably higher than by 
that resected by the Billioth I method, because m the fiist case the axis of 
the stomach is directed veitically downw'aids and the anastomosis is situated 
at the lowest point of the gastiic stump To deciease this piessnie, Goetze 
offeied his modification of the opeiation Pie made the anastomosis a little 
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liighei up, thus leaving, fioni the lowei end of a stump to the level of the 
anastomosis, a sinus of a ceitam size, theieby shaping the stomach into 
the foini of a sack {“sackenmagcn”) Goetze noiked on the theoiy that the 
evacuation of such a stomach would be consideiably delayed because of the 
deciease of the h}diostatic piessuie due to the 'luihhohc (The piessuie of 
a column of liquid fiom the lowest point m the stump up to the level of the 
anastomosis ) 

The tone of the lesected stomach nhich, as we have seen above, giadually 
lietame noimal m neail} all oui patients, should he considered as the second 
facloi assisting evacuation 

Finally, peiistalsis is of extieme nnpoitance m emptying, but it is closely 
bound up with stomach tone The feebler the tone, the less intensive are the 
peristaltic waves The stomach with a normal tone possesses active peristal- 
sis which IS the moie expiessed, the moie resistance the food meets with m 
Its evacuation To oveicome the conti action of the pyloius dm mg evacuation 
lequires strong and deep peiistaltic movement The feebler the lesistance 
offeied by the pyloius dm mg evacuation, the less the force lequiied of the 
peiistaltic nave foi ovei coming the lesistance Piecisely such a condition 
obtains m the lesected stomach m nhich theie is usually obseived a supei- 
ficial lax. but never a deep segmenting peiistalsis " This possibly may be 
explained by the fact that the hydiostatic piessuie of food together with a 
systole 111 the gastiic wall, aie piactically sufficient m themselves to effect 
evacuation, and only a little additional foice, expiessed by a weak peiistaltic 
movement, is lequned to oveicome the impediment 

What IS this impediment to evacuation from the lesected stomach, and 
does it exist at alU Since in a healthy, unopeiated stomach theie exists such 
an impediment (and a veiy stiong one), in a foini of the pyloius with its 
poweiful musculatm e, then theie aiises natuially the thought of the presence 
of an analogous legulative appaiatus m the legioii of the anastomosis of the 
lesected stomach Some authois (Beiesov, Bal and otheis) hold this opinion 
They found evidence of muscular pressme aiouiid the anastomosis, which, 
as they piesume, closes the anastomosis on contracting and opens it by relaxa- 
tion, theieb}^ letting through ceitam poitions of the conti ast meal Nearly 
all authois, Avho call attention to the existence of this rhythmic evacuation in 
a lesected stomach, made then obseivations only upon stomachs operated 
upon either by the Billioth I method, or by its Habeiei’s modification This 
fact gave to Bremei and Held the idea that theie is foimed some new auto- 
matic 1 eflex which acts by conti acting the muscular la} ers of the anastomosis 
and by annulai compiession of the bulbous duodeni They piesume that the 
existence of such a i eflex is quite possible, if theie is taken into consideiation 

" We have never observed any considerable constriction of the anastomosis in the 
resected stomach, therefore, ^\e cannot judge whether peristalsis of a segmenting type 
will arise analogously to that A\hich takes place at the stenosis of the pylorus in the 
unoperated stomach 
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the pieseiice of a definite neive plexus ni the legion of the stomach angle 
(Keith, Orator) 

Oui obseivations do not beai out the piincipal theses of these authors 
Fust of all, i( is not light to assume that the rhythmic evacuation, which 
made them infci the foimation of a “quasi-]iyloi us,” can be obseived only 
after lesection by tbe Billioth I method Among oui 74 patients, in only 
seven cases, have we seen a continuous evacuation of the stomach, and this 
only dm mg the fiist six month aftei opeiation The remaining 67 patients 
showed ihythmic evacuation m definite lapses of time and with definite poi- 
tions of A^aiious volume Complete evacuation of the resected stomach re- 
quired fiom 15 minutes to i or ip2 hours, ranging mostly fiom ^ to i hour 
As already stated, all our patients weie operated upon by the Billroth II 
method, usually accompanying it by its Hackei-Eiselsberg modification Thus, 
taking into consideration the presence of a rhythmic evacuation after the opei- 
ation by the Billioth I method (accoidmg to the data of Beresov, Bal, Bremer 
and Held, Goetre, and others), and that gamed from oui own observations, 
one has to draw the conclusion that the rhythmic type of evacuation is com- 
mon to both methods Seneque and Marx came to the same conclusions 

Beiesov and Stein considei the Billioth I method, using the Haberer 
modification, as the one which cieates the best conditions for obtaining rhyth- 
mic evacuation from which 1 ose the impression of the formation of a “quasi- 
pylorus ” Experimenting on dogs, Bal examined histologically this “quasi- 
pylorus,” 01, as he calls it, the “pap-roller” This “pap-rollei” shows itself 
to be of a diffeient stiuctuie m the moie dense cential pait In some cases it 
was formed by intrusion of a seiomusculai layei of the stomach and duodenum 
into the thickness of the anastomosis In othei cases it was formed from 
the seromusculai layer of the stomach alone In the third group of the Bal 
nomenclatui e, m which the “pap-i oilers” A'ery closel}'^ lesemble the normal 
pyloius stiuctuie, they diffei, nevei theless, microscopically by revealing a 
considei able giowtb of scai tissue m tbe submucous layer This scar tissue 
is located over the muscular elevation m the shape of a large strip 

At the Twelfth Congiess of German Surgeons, Wolfler demonstrated the 
stomach of a patient, five yeai s after 1 esection by the Billroth I method On 
the boidei between the stomach and duodenum, in the legion of the suture, 
there could be distinctly seen a fold of mucosa (35 Mm high) Avith a thick- 
ening of the musculai layer under it 

It would seem that the existence of a thickening of the muscular layer, 
rising m the region of the anastomosis, is not a matter of doubt, because it 
IS already foimed dm mg tbe opeiation by means of connecting the seromus- 
cular and mucous layei s of the stomach and duodenum (Billioth I method), 
or of the stomach and a loop of intestine (Billioth II method) But it can 
be questioned, whether this thickening of the musculai layei will act as a 
sphmctei There is requiied for a sphincter Fust, the existence of a nius- 
culai appal atus able to function actively, that is, able to produce active con- 
ti action and lelaxation of its fibeis, now nai rowing, now enlarging the 
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opening suiiounded by tliem Second, the presence of a nerve apparatus 
whicli influences the sphincter in a reflex way and which provides the rhythm 
m Its work 

The p3donc sphinctei consists of musculai fibers, mostly of the middle 
layer, which circitlaily clasp the pyloiic opening, close it on contraction and 
open It on relaxation Quite anothei condition is obtained in the region of 
an anastomosis after gastrectomy As alieady noted, the musculai thicken- 
ing in this legion consists of a muscular layer of the stomach (using the 
Billioth I method) While sepaiatmg the stomach from the duodenum, the 
lattei IS usually cut tiansvei sally Theiefore, it is permissible to assume 
that a bunch of ciiculai muscular fibeis of the intestine is caught into the 
sutuie Quite anothei pictuie obtains when cutting the stomach wall Here 
It IS doubtful, that one can calculate the cut during the operation so as to 
include a bundle of ciiculai fibeis into the suture of the stomach Operating 
by the Billroth II method, we do not meet with such a bundle of circular 
muscular fibeis in the musculai layer of the intestine because, while making 
the anastomosis, these fibers are usually dissected tiansvei sally, due to the 
fact that the opening of the intestine is formed by incising it along a section 
of Its axis 

Moi cover, musculai fibeis intioduced into the sutuie usually are soon 
penetiated by scai connective tissue which desti03^s then contiactile activit3’' 
The existence of pionounced scar tissue over the muscular rollers m the 
region of the anastomosis was observed also by Bal in his “pap-i oilers ” 
Oui histologic examinations show that foimatioii of a scar tissue over the 
muscular lolleis, that is, outside of them, is not so pionounced as the pene- 
tiation of the musculai fibers by scar tissue Seneque and Marx, came to 
the same conclusion They could get no pi oofs of muscular fiber regeneration 
dm mg the regeneiation of the gastro-intestinal tiact wall, nor could the3’' 
find any such aiiangement of muscular fibeis \\hich might be called a 
sphincter 

(In the illustrations submitted of the histologic preparations of sections 
made from the region of anastomosis m two patients (six and three 3fears, 
lespectively, after opeiation), the aiiangement of the two muscular fibei 
layeis can be seen The thickei layei is that of the stomach nail, the thiiinei, 
that of the intestinal wall The high magnification reveals that the musculai 
fibeis of the musculai walls aie wholly penetiated by connective tissue ele- 
ments (Figs I, 2, 3, 4) This penetiation of musculai fibeis by connective 
tissue elements is still moie pionounced in the anastomosis of a dog’s stomach, 
lesected by the Billioth II method ) 

The second condition lequiied foi a tiue sphinctei is the piesence of a 
reflex, automatic appaiatus which can regulate the uoik of the sphinctei 
The pyloiic sphinctei functions mostly undei the influence of the so-called 
Hnsch-Mehiing-Pavlo\ leflex which, though not being the only icflex con- 
ti oiling the function of the pyloius, neveitheless plays a piomment pait 
Many othei agents influence the function of the pyloius, foi example, the 
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mechanical nutation of the duodenal mucosa, leflexes on the part of othei 
oigans if they are pathologically involved (cholecystitis, cancer of esophagus) 
and probably many othei s On removing the pylorus, this reflex bond is 
completely bioken Can the leestablishment of this bond after resection by 
the Bilh oth I method be expected, as suggested by Rosenblat ^ It is a mattei 
of 1 egret that the question of leflex bonds of the pyloius has not been studied 
enough in a healthy stomach Theiefoie, it is difficult to contribute some- 
thing definite to the question of the possibility of the leestablishment of these 
bonds aftei gasti ectomy by the Billioth I method, oi of the formation of a 
new automatic i eflex, as suggested by Bi emer and Held Thus, there are no 
data, eithei anatomic oi physiologic, which could be used to prove the ex- 
istence and functioning of such a sphmctei 

As legal ds opeiation by the Billroth II method, theie can be no justifica- 
tion to considei the existence of a sphmctei aiound the anastomosis, because, 
fiist of all, theie is absent the piincipal element of a sphincter, namely, 
ciiculai nnisculai fibers 

The fact of the piesence of a zone of claiificatioa obseived in the region 
of the anastomosis on ladioscop}'- of the icsected stomach, cieates the impres- 
sion of the existence of a sphmctei These /ones ma}' be obseived m indi- 
vidual cases aftei lesection both by the Billioth I and II methods AVe 
obseived such zones of claiification in the region of anastomosis in seven of 
our patients In some of them this phenomenon was systematically repeated 
at every i oentgenologic examination at vaiious inteivals after the operation, 
langing fiom thiee months to foui oi five yeais In several cases, such a 
claiification “sphmctei” was obseived only during the first period after 
opeiation and then disappeaicd, and could not be duplicated on fuither 
ladioscopy 

This lightei sti ip in the region of anastomosis, u ith the contrast medium 
passing through it, is judged b}'^ some investigatoi s as a pi oof of the existence 
of a “sphmctei ” It seems to us that the piesence of this zone of clarification 
IS completely explained by the thickening m the legion of the sutuie of the 
anastomosis, cieated by the doubling of the two walls, namely, the gasti ic 
wall and that of the intestine 

On the basis of the above, Ave feel justified in challenging the possibility 
of a sphmctei oi a “quasi-pyloi us” (Beiesov) foimation m the region of the 
anastomosis aftei gasti ectomy by the Billioth I oi II methods Neveitbeless, 
the fact of a ihythmic type of e\'acuation of the stomach aftei its lesection 
lemains and has been piOA'^en by oui obsei vations, as Avell as b)'’ those of 
Schindler, Moutiei, Heitel and Calms This fact lequires explanation We 
considei that the change m lesistance Avhich at times permits the contiast 
medium to be periodically earned thiough the anastomosis, and at othei 
times compels letention above it, may be explained by the contraction eithei 
of the loop of the lean intestine, adjacent to the stomach, oi by that of the 
duodenum Mehiing, m 1897, at the 15th Congiess of Theiapeutists, on 
the basis of his AAork on duodenal fistula, earned out ou the resected stom- 
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achs of dogs, lepoited that evacuation takes place neither fastei nor slowei 
than in the healthy stomach It is accomplished at intervals, periodically 
iindei relatively great piessuie, and the evacuation is regulated by the degree 
of filling the duodenum 

Cannon also points to the ihythmicity of conti action of the duodenum as 
the foice lestiammg evacuation fiom the lesected stomach and compensating 
for the conti action of the p)doius Kochei consideis that any conti action of 
the loop of intestine below the anastomosis can lestiam evacuation Hertel, 
Bngfeld, Kalmanovsky Seneque and Marx aie also of the same opinion 
Schindlei and Dagayev, likewise, emphasize the existence of definite relations 
between the functioning of the anastomosis and the condition of the intestine 
Our obseivations confiim the coriectness of this opinion 

On a ladioscopy of one resected stomach we noticed a new detail con- 
ceining evacuation which ue were able to confiim m nearly all subsequent 
cases (in 93 out of 132) After the fiist swallow of the contrast medium, 
the fiist pait of the meal slides down at once without meeting any lesistance 
through the anastomosis into the effeient loop Then the lemainmg part, 
and the newly su allowed poitions of the conti ast medium, which foi some time 
were kept detained over the anastomosis, began their rhythmic (though not 
alwa3''S at equal mteivals) evacuation by definite amounts through the anas- 
tomosis into the effeient loop 

Involuntai ily, the thought aiises that the fiist poition of the conti ast 
medium, on its passage f 10111 the stomach thiough the anastomosis into the 
effeient loop, evokes by nutation of the mucosa such a peristaltic movement 
in the loop of the intestine which leacts to unlock the anastomosis after its 
period of closuie We know from physiology the so-called law of intestinal 
movement which states that the loop of intestine conti acts ovei the bolus of 
food and dilates beyond it 111 such a mannei that, having carried this bolus 
of food faither on, it conti acts — duimg which the distal part of the intestine 
dilates A conti action of the intestinal loop results fiom the conti action of 
a bundle of circulai fibeis, the so-called stiatum ciiculare, which repiesent a 
lathei stionger layer If an anastomosis is effected eithei by the Hackei- 
Eiselsbeig method or by any othei modification of the Billioth II method (not 
including the Roux modification) the opening m the intestine is made by 
dissecting it along its axis It follows that all circular musculai fibers are 
tiansveisely cut These, when conti acting, will tend to result 111 a maximum 
drawing avay of the edges of the opening, thus opening the anastomosis 
between the intestine aixAthe stomach The closing of the anastomosis will 
take place when this intestinal loop again becomes lelaxed Then the con- 
ti action of ciiculai fibeis will cease, togethei with the di awing away of the 
edges of the anastomosis Simultaneously the fibeis of the stratum longi- 
tudmale begin then conti action and bung the edges of the anastomosis still 
neaiei togethei 

Such a type of evacuation vhich is legulail} obseived, piactically on 
each ladioscopy of the lesected stomach, ue considei as the 1101 mal t3^pe of 
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evacuation foi a lesected stomach This opinion on the inannei of evacua- 
tion of the stomach resected by the Billroth II method, I expressed m 1935, 
and It entnely coincides witli the conception of Seneque and Marx, published 
m January, 1936 These observers as well as Beigeret and Caroli have met 
with the above described type of the evacuation fi om stomachs resected by the 
Billioth I, as well as by the Bilhoth II method 

It can be assumed that m a consideiable numbei of the lemaining 32 
patients, examined eailiei, who showed at the time of radioscopy only the 
presence of a ihythmic evacuation, the lattei took place also 111 the manner 
which, fiom our point of view, is noimal foi the lesected stomach 

Rhythmic evacuation does not always pioceed in equal intervals of tune 
Cases were met with m which even, in the same patient, we observed unequal 
mteivals between jiassage of two portions of the contrast medium through the 
stoma of the anastomosis, sometimes at longer and sometimes at shorter 111- 
teivals Theie weie individual cases, wheie aftei passage of the fiist poi- 
lion of a contrast medium through the stoma, theie was observed a period 
lasting from two to tin ee minutes, 111 which the stoma was closed followed by 
the usual ihythmic evacuation Sometimes even the fiist poition of the 
contiast medium did not pass through the stoma, but lemained above it for 
moie 01 less long periods of time Only a dose of an additional amount of 
the contiast medium, lesultmg in an inci eased hydiostatic pressure finally 
pushed it into the efferent loop by the help of active peristaltic movement 
We had nine such cases This phenomenon becomes evident if theie is 
taken into considei ation that this was observed exclusively during the first 
peiiod of time following the opei ation In five patients we observed it in 
fiom two to three weeks aftei operation, m four, fiom one to two months, 
and only in one patient m six months post opei ation In this peiiod, the 

edges of the anastomosis as well as the wall of the adjacent intestinal loop 
aie in a state of inci eased sensitiveness towaid any iriitation in consequence 
of the inflammatoiy edema of healing, hematoma, etc 

In some cases theie may exist othei leasons accounting foi such a spastic 
conti action of the region of anastomosis aftei swalloving the first portion 
of a contrast medium In patients who had undergone gastiectomy for 
cancel of the stomach, this type of evacuation piesented the first symptoms of 
a cancel lecuirence, still unievealed by othei ladioscopic or clinical mani- 
festations Continued obseivation of these patients showed, indeed, the 
development of cancel recunence in the legion of a gastiic stump We 
considei our hypothesis quite acceptable, because cancel in the legion of 
any natuial apeitures, such as caidia, pyloius, the uiinaiy bladdei neck, etc , 
IS usually accompanied with a secondaiy spasm of the adjacent musculatuie 
The Effeicnt and Affeicnt Loops of the Intestine Aftei Gasti ectomy — 
Rhythmic evacuation of the lesecled stomach plays an enoimous part in the 
whole fuither piocess of digestion It is impossible 111 the piesent aiticle 
to discuss in detail questions of the chemistiy of digestion aftei gastiectomy 
We may call attention onlj^ to the fact that albumins and fats weie not icacted 
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on chemically duiiiig then stay in the gastiic stump Pepsin digestion is 
absolutely absent, while tiypsin enters the stomach thiough the stoma of 
the anastomosis only m traces, and even this not always Chemical tieatment 
of the food begins fiom the moment the food leaves the stomach, to come into 
contact with the duodenal juices in the efifeient loop The mixing togethei 
of food and duodenal juice will be moie complete if food enteis the efferent 
loop not as a continuous stream, but rhythmically and m definite poitions, 
such as we had met with m all our obseivations The mixing togethei of 
food with the duodenal juices takes place, fiist, m the pait of the effeient loop 
nearest to the anastomosis This segment giadually dilates, leaching m 
some cases to rather considerable dimensions and foims the so-called '‘nach^ 
magen^' In the 'Uiachmagen/^ food is letained foi some time (from to i 
minute), undergoing agitating movements, then it is evacuated faither 
along to the efferent loop Such a ‘"naclnnagcn” we could obsene m 21 
cases, and m 15 cases it appealed only m six months aftei the opeiation In 
no case did we obseive the “nachmagcn” eailiei than m one month after 
opeiation By then function the segments of the efferent loop neaiest to 
the anastomosis are closely 1 elated to the lesected stomach, this fact made 
Seneque and Marx assimilate them into one “gasti o-mtestmal block” 

The segments of the effeient loop neaiest to the anastomosis aie moie 
subject to the constant influence of little changed food than all the othei 
small bowel In consequence of this its mucosa suffers a considerable change 
The Kerenng folds become thickei, sometimes taking on a loop-hke chaiactei 
These obseivations foice us to establish, at least radioscopically, the de- 
velopment of chronic cataiihal inflammation of the mucosa 111 the effeient 
loop (jejumtis chronica) Tiue, these cataiihs m some cases disappear, as 
we observed in five cases , but for the most pai t they 1 emam for yeai s, though 
not always accompanied by any clinical manifestations The affeient loop 
rathei often became filled with the contrast medium (in 37 out of 132 cases, 
c g , m 28 pel cent of the cases), but only at its beginning In two cases the 
filling extended a lather consideiable distance, and in two other cases it even 
leached the bulbous duodeni In these cases, the contiast medium was le- 
tuined back into the stomach by peiistaltic movements aftei a shoit time 
When the contiast medium enteied only the initial pait of the afferent loop, 
it was letuined almost instantly into the stomach 

The Gastric Mucosa Aftei Resection — The data furnished by Meyei- 
Burgdorf, Henning, Wanke, Haberei, Konjetzny, Redwitz and othei s, sug- 
gest that the piesence of a lotigh, changing aspect of the gastiic mucosa is 
one of the causes of dyspeptic tioubles Konjetzny, Puhl, Chian, on micio- 
scopic examination of the lesected stomach wall, found reddening, edema of 
the mucosa, and enlaiged lymph nodes The microscopic examination by 
these authors revealed changes corresponding to acute as well as subacute 
and chiomc inflammatoiy processes such as degeneration of epithelial cells, 
fibrous leukocytic exudation m the intercellulai space, connective tissue in the 
musculai layer and submucosa, and hypeiemia and inflammatory edema up 
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to the muscuUi layei All these manifestations developed independently of 
the piesence oi absence of gastritis before the opeiation and, therefoie, should 
be considered as secondaiy processes connected with the changed processes 
of digestion in the lesected stomach 

Opposed to this, Biemei and Held discovcied no sccondai}'’ gastritis in 
the lesected stomach They explain the piesence of thickened folds by 
welling of the mucosa m consequence of limitations to the lymph stream 
aftei dissection of a laige numbei of longitudinal l)unpathic paths 

Out of I '^2 obseivations, we gatheied data on the aspects of the gastiic 
mucosa in 112 cases Only in 22 cases (196 pci cent) the folds of the 
mucosa weie not thickened and showed noimal dnection All peisons ex- 
amined weie quite healthy The same aspect of mucosa was found in these 
patients only in from one and one-half to two 01 thiee years following the 
operation Examination of the same patients soonei aftei the operation 
(within SIX months 01 one yeai) invaiiabl}’- levealed pionounced thickening 
of the mucosal folds sboumg anomalous dnection, sometimes piesenting a 
loop-like aspect In the lemaining 90 cases we obseived a considerably 
changed aspect of the gastiic mucosa, its folds weie thickened and their course 
anomalous, especialh^ soon aftei the opeiation Lalei on, in most cases, the 
folds took on a moie noimal dnection, but still lemained tbickei Only 
three of these patients felt piessuie aftei taking coaise food or after an 
abundant meal All otheis suffeied no discomfoit, such as heait-buin, belch- 
ing, 01 epigastric piessuie They" fed themselves on then customary food 
without observing the diet 

Such a complete absence of complaints on the part of patients after gas- 
tiectomy in spite of fluoioscopic evidence of changes ascribable to the chionic 
gastiitis, might lead to the conclusion that gastiitis finds its place after resec- 
tion, and to the acceptance of the point of view of Biemei and Held 

But the difficult}'^ of lecogmtion of chionic gastiitis lies in the fact that the 
signs which “doubtless chaiacterize a disease, namelyq the pathologo-ana- 
tomic changes of mucosa, do not alway''s coincide with those symptoms by 
which a disease is usually named by a doctoi 01 a patient” (Lurya) The 
above desciibed macroscopic and micioscopic evidence obtained by us and by'^ 
othei investigatoi s on examination of the gastiic wall, the fact of the piesence 
of a changed relief in the gastiic mucosa in the ovei whelming numbei of 
our cases — all point to the existence of chronic inflammation in the lesected 
stomach mucosa 

Om histologic examinations both of the gastric wall in a patient in foui 
and one-half months since lesection, and of the gastiic wall aftei lesection in 
a dog, confiim the piesence of consideiablc changes of an inflammatoiy type 
All this compels us to shaie the opinion of those who maintain the pies- 
ence of a chronic gastiitis in the lesected stomach All conditions are present 
for the development of such a gastiitis Fiequent disturbances in the ordei 
and type of a food leception aie doubtless predisposing factors to the forma- 
tion of a chronic irritative gastritis in an unopeiated stomach Such predis- 
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posing conditions inckide the leception of badty masticated food in conse- 
quence of the lack of teeth, as well as the hasty ingestion of it The resected 
stomach mucosa m consequence of the lack of the anti urn, diminished peri- 
stalsis, and the small dimensions of the stomach should leact still more 
definitely to such chionic distuihances Even if theie is omitted from con- 
sideiation the debatable questions concerning the influence of the lack of 
hydiochloiic acid and pepsin, oi the influence oi piesence of the duodenal 
and intestinal juices m the stomach, all othei conditions being equal theie 
aie moie chances foi development of gastiitis m the lesected stomach than 
in the noimal one Chionic gastiitis in an unopeiated stomach is often de- 
veloped without any clinical symptoms oi with veiy insignificant ones The 



Fig I — Schematic representation of the 'ippaiatus used foi registeiing the contraction ciii%es in 

the region of the anastomosis 

same fact is met with in the resected stomach In many cases obseived by us 
(109), this chionic gastritis was quite syinptomless In some cases patients 
consideied themselves to be quite healthy, paying no attention to slight epi- 
gastiic piessuie aftei the leception of abundant food, 01 after a hastily con- 
sumed meal, because these phenomena disappeaied quickly and did not 
manifest themsehes after slow eating 01 on the leception of food in small 
quantities Only in laie cases (eight patients m oui series) weie these 
feelings moie constant 

Moto) Function in the Resected Stomach on the Basis of Expei imental 
Data — Our own clinical and 1 oentgenologic obsei rations on the motor func- 
tion in the lesected stomach showed that gastiic evacuation through the anas- 
tomosis occuis, as a lule, rhythmically in definite lapses of time Considering 
the possibility of the foimation of a new sphinctei in the legioii of anastomosis 
to be a veiy doubtful one, and taking into account the literatuie, as well as 
the data of oui own (unfoitunately too few) micioscopic examinations, I 
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believe that the periodical closing and opening up again of the anastomosis 
represents a complicated pi ocess which can he best explained by the contractive 
activity of the gastiic walls themselves taken uith, but subordinated in im- 
poitance to peristaltic movements of the loop of intestine sewed to the gastric 
stump 

Assuming that the peiistalsis of the sewed up loop of intestine takes place 
111 a leflex way, in consequence of nutation to its mucosa by a poition of the 
coiitiast medium passing thiough the anastomosis, I decided to check this 



Fig 2 — SclieniTtic lepiesentTtion of t ic'^ectcd dogs stouncli ^Mth n hTlloon in 
liodiiccd into the stoniT of the ainstomosis (t) Rubbei balloon (i in Fig 12) (b) 

Uiibbci tube through which Ringei s solution is intioduced into the outgoing pait of the 
loop (c) The intestinal loop (d) Stomach fistula 

suggestion expeiimentally on a dog using Danielopolu’s method The con- 
tiactions of the gastiic walls, oi of the anastomosis, aie tiansmitted by a thin 
lubbei balloon to a Marey capsule and legisteied with a kymogiaph Foi 
this pui pose at the end of a thick-walled i uhhei tube (o 5 cm diam ) we fixed 
cl small lubhei balloon This lubhei tube Avas connected by a tee with a 
dampei consisting of a small flask piOAuded AAith a tight fitting coik, thiough 
\\ Inch passes a shoi t tube, ending j ust undei the coi k, and a long tube to the 
opposite end of AAduch is fixed a small luhbei balloon The short glass tube 
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of the dampei thiough a second tee is connected with the Maiey capsule the 
needle of which, touching the kymograph, makes the necessaiy lecords 

By blowing an through the tee we distend the lubber balloon at the end 
of the lubbei tube, simultaneously distending the lubbei balloon m the dampei 
The an space lemaming in the lattei is connected ^\lth the k3Mnogiaph with 
the tube Vibiation ot the balloon tiansmitted to the balloon is lecoided 
upon the kymogi aph, resulting m a definite cui ve 

Gastiectomy was peifoimed upon a dog by the Hacker-Eiselsberg method 
Thiee and one-half months later a gastiic fistula was made m the same dog 
thiough which, undei finger control, the thin rubber balloon was introduced 

Fig 3 — Gastrogram No i 





Fig 5 — Gastrogram No 3 

and fixed m the lumen of the anastomosis In the state of rest, or m the 
absence of in Ration of mucosa of the efferent loop oi stomach, the region 
of anastomosis showed the absolute absence of contractions on the kymograph 
Zigzags of the cuive leflectmg the bieathmg movements of the diaphragm 
follow each othei showing nearly no change in then amplitude oi type 

On irritating the efferent loop mucosa with Ringei’s solution, we obseive 
that after some lapse of time, the anastomosis closes and then opens again 
The corresponding gastrographic curve rises and falls, giving rise to a typical 
wave In the same way a second wave is formed, having lesser amplitude, 
then a third wave, and so on On irritation of the intestinal mucosa we 
create its peristalsis in the legion of nutation Thus peristaltic contraction 
of the intestinal loop, adjacent to the stomach, evokes the opening of the 
anastomosis, wdnle its lelaxation produces a corresponding closing This 
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IS seen Iiom the gastiogiams Nos i, 2, and 3 Intestinal peustalsis evoked 
by 11 ritation of its mucosa does not cease at once with the elimination of irri- 
tation, but lasts foi a ceitain length of time, giadually abating 

Coiiespoiidmg to this, the gastrographic ciiive shows the moie i emote 
waves with lessei and lessei amplitude 

By nutation of the mucosa only of the stomach (as in expei uncut 3), 
theie is obtained anothei type of curve illustiated by gastrogiam, which shous 
atypic waves of veiy low amplitude, and these waves do not alternate noth 
each othei so legulaily as 111 the foimei gastiogiams This might be con- 
stiued to mean that the muscular wall of the gastiic stump on nutation of its 
mucosa also paiticipates m the closing and opening again of the anastomosis, 
but this paiticipation is a A'^eiy insignificant one 

CONCLUSIONS 

(1) As a lule, the stomach lesected by the Billroth II method shows a 
ihythmic evacuation This type of evacuation is observed both on lesection 
by the classic method of Bilhoth II 01 by its Hackei-Eiselsberg 01 Kionlein- 
Reichel modifications 

(2) In 01 del to obtain ihythmic evacuation fiom a stomach lesected bj 
the Bilhoth II method, theie is no need to complicate this opeiation by 
fuithei modifications c g , the opeiation by Fmsteiei, Bal, Goetze and otheis 

(3) The type of evacuation obtained does not depend upon the extent of 
the lesected legioii, the ih)dhmicit} of evacuation is obseived on subtotal 
gasti ectomy 

(4) Theie is no diffeience m the t}pe of evacuation obtained m stomachs 
lesected b)'^ the Bilhoth I and 01 by Bilhoth II method 

(5) At piesent theie aie no data which would substantiate the belief in 
the formation of a sphinctei m the anastomosis legion aftei gastrectomy 
Following lesection by the Bilhoth II method, we considei such a formation 
to be quite impossible 

(6) The periodic closing and opening again of the anastomosis aie ex- 
plained m the mam by peristaltic coiiti actions and distensions of the effeient 
intestinal loop neaiest to the anastomosis 

(7) Gasti 1C tone aftei a paitial gasti ectoiu} becomes noimal in time, a 
hypotonic 01 atonic stomach becomes noimal in tone 

(8) Spasms of the anastomosis aftei gasti ectomy undei taken foi cancel 
piesent an eaily symptom of a lecuiience of the cancel in the legion of 
anastomosis 

(9) Aftei gasti ectomy, most patients exhibit hypei plastic gasti itis, 
though without any subjective manifestations 

(10) After gasti ectomy, chionic jejunitis follows, also Avithout clinical 
manifestations 

(11) Noimal evacuation of the stomach, lesected by the Bilhoth II 
method, 01 by its Hackei-Eiselsbeig modification, is in complete accord 
with then geneial condition of good health which giadually improves with 
the passing yeais 
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SUBPARIETAL RUPTURE OF THE INTESTINE DUE 
TO MUSCULAR EFFORT 


REPORT OP TWO CASES 

Stuart F. JMacMillan, MD 
Schenectady, N Y 

IROM the SBRGICiE SERMCE, EEUS HOSRITAE, SCHENECTABI , >« 1 

The subject of subpaiietal luptuie of the intestine due to muscular eftoit 
was lecently reviewed by Wilensky and Kaufman ^ After a careful search of 
the liteiatme the aiithois accepted 42 cases as genuine examples of this condi- 
tion and added one case of then own 

Diiect injuiy to the undei lying intestine as a lesult of a penetiating wound 
of the abdominal wall is so fiequent as to occasion no comment It has also 
been long lecogmzed that the intestine may he luptmed notwithstanding the 
presence of an intact abdominal n all This injui y may be of the bui stmg type, 
as m cases wheie an is foiced under pressme into the lectum and sigmoid 
colon, 01 the teaiing 01 ciushmg type seen wheie there has been some sudden 
blunt foice applied to the abdominal wall Excluding the foregoing types of 
intestinal injury there lemain those cases, leviewed by Wilensky and Kaufman, 
in which musculai effoit alone was appaiently the cause of the intestinal 
rupture Various theoiies have been advanced to explain how this could 
happen According to the theoiy of Bunge,- as later modified by Hmm,* 
conti action of the abdominal muscles and diaphiagm 111 seveie muscular 
effoit compi esses the bowel and causes an elevation of piessure within the 
intestinal lumen This rise m piessuie is tiansmitted equally to all parts of 
the bowel and abdominal wall under 1101 mal conditions If there is a point of 
weakness in the abdominal parietes, foi example at the inguinal rings, the bowel 
wall will be unprotected m this place, peimittmg a buistmg type of rupture of 
the bowel to occur In suppoit of this theory, Wilensky and Kaufman point 
to the fact that hernia was piesent m 33 of the 43 cases which they reviewed 
The subject of subparietal ruptuie of the intestine due to muscular effort 
also has definite medicolegal impoitance If the musculai effort is in the 
course of employment, whethei hei iiia is pi esent 01 not, the 1 esultmg disability 
should be compensable In the case of Wilensky and Kaufman and that of 
Wiedhopf,^ compensation was gi anted, as it was m the second case leported 
hei ewitli 


CASE REPORTS 

Case 1 (SFM) — G C, white, male, age 49, was admitted to the Ellis Hospital, 
November 3, 1933, with a history of having been working on a platform which was part 
way up a runway leading to the top of some concrete forms His task was to guide the 
wheelbarrows pushed by co-workers around the curve on the platform and gne them a 
push to start them up the second runway The second runway was about 16 feet long 

Submitted for publication December 8, 1938 
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and the loaded whcclbanow weighed about 150 pounds Aftei he had been working for 
a few minutes at this job he was suddenly seized with abdominal pain and fell to his 
knees He was immediately taken to the hospital 

Physical E\aminatwn — The patient was examined one hour and a half after the 
onset of his illness He denied previous abdominal trouble 01 indigestion Examination 
disclosed a well developed and nourished man of powerful physique The abdominal 
muscles were in a state of board-Iike rigidity and there was marked abdominal tenderness 
throughout Temperature 1004° F, pulse 115, blood pressure 145/85 Diagnosis 
Perfoiated peptic ulcer 

Immediate celiotomy under spinal anesthesia was performed, through a 
right rectus incision The peritoneal surfaces and omentum were found to be injected 
The peritoneal cavity contained a considerable quantity of grayish-yellow fluid in which 
were strands and pai tides of wdiat appeared to be partly digested food Examination of 
the stomach, duodenum, gallbladder, appendix and region of the pancreas disclosed no 
abnormalities It was then discovered that the fluid w^as escaping from a perforation m 
the jejunum The perforated loop w^as located in the left upper abdominal quadrant 
The perforation w^as i 5 cm in diameter and seemed to be about opposite the mesenteric 
attachment There was no induration or scarring around or adjacent to it and the 
mucosa everted or pouted out aiound the margin The perforation was closed in the 
long axis of the intestine, using two layers of continuous fine linen suture The fluid 
was sucked and sponged out Tlic abdomen w^as closed without drainage Smear of 
the fluid disclosed the presence of occasional red cells and a rare gram-negative coccus 
Staphylococcus was reported on culture 

Postopci ativc Cow sc — During the first 24 hours after operation the condition of 
the patient remained satisfactory, the pulse being about 100, temperature 104° F On the 
second dav his condition became rapidly w^orsc Tlie urinary output decreased and the 
urea nitiogen w^as found to be 88 mg per 100 cc In spite of intravenous administration 
of saline and glucose, the patient expired on the second postoperative da> 

Autopsy (Dr Kellert) — This was limited to an examination through the operative 
incision When the abdomen was opened considerable browmish-yellow fluid mingled 
with greenish-yellow’’ flocculi escaped The peritoneal surfaces w^ere everywhere covered 
wnth gra>ish“3ellow, fibrinous, plastic exudate, particularly in the pelvis and epigastric 
regions The appendix, mesenteric lymph nodes, pancreas, gallbladder, bile ducts and 
livei w^ere normal The spleen w^as enlarged to twuce the normal size The stomach w^as 
markedly distended but otherwise not remarkable The duodenum showed considerable 
injection of the mucosa but there was no evidence piesent of ulceration or inflammation 
The jejunum w^as normal throughout except at one point near the middle portion where 
a small opening had been recently sutured About this opening the mucosa w’^as hemor- 
rhagic but there w^as no inflammatory or ulcerative process visible The opening was 
situated near the mesenteric border and did not leak The ileum was normal There 
w^as no enlargement or ulceration of Peyer’s patches The colon appealed normal except 
at the terminal portion where diverticuh w^eie found None of these w^as greater than 05 
cm in depth and there were no associated inflammatory changes No foreign object 
was found in the intestine or peritoneal cavity The kidneys and genitalia were normal 
Pathologic Examination — Mici oscopic Sections from various portions of the intes- 
tine show^ed changes limited to the serosa and adjoining musculature On the serosa 
w^as found a thick layer of pus cells and fibrin and numerous particles of necrotic vege- 
table material At the site of the rupture there w^ere marked acute and subacute inflam- 
matory changes and suture material in situ The mucosa was intact and did not show 
inflammatory changes The small arteries showed intimal thickening and hyaline change 
Case 2 (A G ) — S S , w^hite, male, age 52, was admitted to the Ellis Hospital, 
January 7, 1938, with a history of having been engaged in moving carboys, one of which 
slipped, necessitating an extraordinary effort to prevent the vessel from falling While 
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doing so he felt an immediate, severe pain in the right upper abdominal quadrant He 
was not struck in the abdomen 

Physical Examination — The patient was examined two hours after the onset of his 
illness He was a well developed, poorly nourished man of asthenic habitus He com- 
plained of severe abdominal pain There was marked rigidity of the abdominal muscles 
with tenderness to palpation over the entire abdomen Leukocyte count 15,000 

Opc) aiion — -Immediate cehotomj^ was performed under cyclopropane anesthesia A 
para-umbilical, right rectus incision was made The peritoneal cavity contained free 
fluid and particles resembling intestinal content Multiple particles of plastic exudate w ere 
found on the serosa of various loops of the bowel The omentum was edematous A small 
perforation of the ileum was discovered through which gas bubbles and intestinal contents 
were escaping The opening was closed in two layers, using a continuous silk suture 
A stab wound through McBurney’s point w'as made and a cigarette dram inserted An- 
other cigarette dram was placed into the pelvis through the low^ei angle of the primary 
incision 

Postopciative Com sc — The patient made slow' but satisfactory recovery The tem- 
perature returned to normal on the sixteenth day The patient w'as dismissed on the 
twenty-eighth daj following operation and allow'ed to return to w'ork after tw'O months 

Comment — In neither of the cases tvas an inguinal or other type of henna 
found In the fiist case none tvas found at autopsy, and strangulated henna 
was ruled out befoie the opeiation It is possible that aieas of stiuctuial 
weakness of the abdominal w'all, as suggested by Wilensky and Kaufman, 
were present No caieful seaich foi such finding w'as made at the autopsy in 
the first case In the second case the patient w'as caiefully examined by a 
physician attached to the compensation court before he letuined to wmrk, wdio 
reported that no henna w as present In both cases testimoii}'- w'as taken befoi e 
the compensation couit and it w'as cleaily pi oven that theie had been no tiaiima 
to the abdominal w'all 

Medicolegal Aspect — In Case i, which teimmated fatally, the wndow', 
thiough hei attorney, bi ought action m the local compensation couit of the 
New' York State Division of Woikmen’s Compensation against the employ ei 
to recover an aw ai d for hei husband’s death Thei e w'as considerable medical 
testimony given on both sides wntli the outcome depending upon the question 
of w'hether or not there w'as a pieexisting ulcer piesent The leferee finally 
disallow'ed the claim after having the Chief Medical Adviser examine the 
evidence The referee concluded that the exact cause of the peifoiation W'as 
not definitely showm but that the w eight of medical evidence w'as to the effect 
that it W'as not due to accidental injury aiising out of and in the couise of 
einplo}ment This veidict was appealed to the Boaid, wheie it was sustained 
In Case 2, w'lnch teimmated in recoveiy, befoie the same compensation boaid 
at a later date, aw'aid of compensation w'as given, theie being no contest on the 
I^art of the cairiei and no question as to the dnect causal relationship betw'een 
the man’s employment and the peifoiation of the ileum 

Summary — ^Tw'o cases of subpai letal 1 uptin e of the intestine due to muscu- 
lar effoit aie submitted In neither instance was theie a blow 01 othei 
injui} of the abdominal wall and 111 neithei was a henna found In one case 
compensation was aw ai ded and m the othei it w as not 
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Case 2 was a patient of Dr Albert Grussner, Schenectady, New York, and ac- 
knowledgment IS made of his kindness in allowing it to be reported herewith 
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THE USE OF SULFANILAMIDE IN THE TREATMENT OF 
PERITONITIS ASSOCIATED WITH APPENDICITIS 

IsiDOR S Ravdin, B S , M D , Jonathan E Rhoads, BA, M D 

AND 

John S Lockwood, M D , D Sc f 

Philadelphia, Pa 

FROM THE SURGICAL SER\ ICE OF THE HOSPITAL OF THE UKH EBSITl OF PEN.NS1L\ AMA ALD THE HARRISON DEPARTMENT 
OF SURGICAL RESEARCH, SCHOOLS OF MEDICINE, UNII ERSTIT OF PENN SIX'S VNIA, PHILADELPHIA, PA 

The mortality of appendiceal peiitonitis has not shown a general decline 
dining recent yeais in spite of the numerous advances in pre- and postopera- 
tive caie^’ ® In this clinic we have been able to show an impi ovenient in 
moitality following the addition of sulfanilamide to the loutine tieatment of 
the seveie cases of appendicitis Although the senes since the addition of 
sulfanilamide to the loutme theiapy has not been large and the data may not 
be statistically significant, we aie convinced by the clinical evidence that sul- 
fanilamide theiapy subsequent to opeiation has amehoiated the seventy of the 
reaction m spieading pentonitis in many cases and has saved some lives that 
otheiwise would have been lost 

The value of sulfanilamide in hemolytic St) eptococcus infections was first 
detei mined m the peritoneum of the mouse, ^ and its efifectiveness in patients 
was first demonstrated by Colebiook^’ m puerpeial sepsis in which pentonitis 
IS a common cause of death The drug has probably not been employed ex- 
tensively m othei t}pes of pentonitis because it was mtioduced as a specific 
therapeutic agent foi hemolytic St) eptococcus infections, though it has been 
used successfully in the treatment of colon bacillus infections of the uiinaiy 
tract 

In the latter pait of 1936, we began the use of sulfanilamide m spreading 
peritonitis associated with acute appendiceal infections and m those instances 
where it w^as feaied that a spieading infection might develop 

Results — It is a foitunate circumstance that twm of the authois w^eie con- 
cenied with the opeiations upon the patients in the eailiei gioup and m laige 
pait on those 111 the sulfanilamide tieated gioup Suigical technic, anesthesia, 
and pi e- and postopei ati ve thei ap) w^ere the same m both gi oups 

Shoitly aftei starting the use of sulfanilamide postopei atively m the seveie 
cases of appendicitis with pentonitis, death occuned m a patient operated 
upon for acute appendicitis The infection m this patient w^as not seveie at 
the time of opeiation and sulfanilamide w^as not begun until the thud day 
after opeiation wdien the patient had e\idences of a veiy wudespiead infection 
At autopsy the spieading infection was found to be due to a blowm-out stump 

* J Berton Carnett Fellow^ in Surgical Research 
T Harriet M Frazier Fello\v in Surgical Research 
Submitted for publication June 22, 1939 
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Since then 250 consecutive cases of acute appendicitis have been operated 
upon on the service of the senior author at the Hospital of the University of 
Pennsylvania without a death fiom any cause 

Table I is a compilation of the moitality figures with acute appendicitis 
and Its complications on the same seivice, fiom its inception The diagnosis 
m these cases has lested on the findings of the suigical pathologist who ex- 
amined the appendix giossly and micioscopically, except m an occasional case 
of abscess m which the appendix was not lemoved 

Tahli: I 

THr MORTALITY FROM ACUTE APPENDICITIS AND ITS COI^IPLICATIONS 
Serotce E, Hospital of the Uinoersity of Pennsyhama 



Total 

Cases 

Deaths 

Drained 
Per Cent 

Gross 
Mortality 
Per Cent 

Before the use of sulfanilamide (to 1936) 

552 

8* 

37 0 

I 4 

With the use of sulfanilamide (1936 to May, 

1939) 

257 

it 

43 0 

0 4 

Total 

809 

9 

38 0 

I I 


* One death occurred in a patient not operated upon 

t This patient did not receive sulfanilamide until three da^^s after operation 

The opeiations weie pei formed by men who had completed then intein- 
bhips from two months to 20 yeais pieviously In the eailiei part of the 
senes, the majoiity of the opeiations weie peifoimed by the chief of seivice 
In the latter period the gi eater numbei weie peifoimed by surgical fellows 

Summaiies of two case histones are given to illustiate the clinical couise 
of very ill patients who weie opeiated upon and then tieated with sulfanila- 
mide Many othei cases of widespiead pentoneal infection could equally well 
lie piesented 


ILLUSTRATIVE CASE REPORTS 

Case I — Hosp No 39563 (Surgical) J G F, white, male, age 59, was admitted 
to the Hospital of the University of Pennsylvania, June 23, 1938, complaining of severe 
generalized abdominal pain Abdominal discomfort had begun two daj^s previously, but it 
remained mild until the morning of the day of admission, when it rapidly increased in 
severity and pain was referred to the right shoulder 

At the time of admission there was widespread rigidity with accompanying tender- 
ness and rebound tenderness Peristalsis was suppressed Rectal examination was nega- 
tive except for prostatic hypertrophy Temperature by rectum was 1008° F, pulse lOO, 
respirations 28 W B C 14,000, hemoglobin 92 per cent 

Roentgenologic examination showed no air under the diaphragm A diagnosis of 
ruptuied peptic ulcer was made and celiotomy performed through an upper light rectus 
incision The peritoneal cavity was filled with frank pus Both surfaces of the liver 
were bathed with it No perforation of the stomach or duodenum was found The origin 
of the pus proved to be a ruptured appendix 

The appendix was removed and a dram was introduced through a stab wound in the 
right lower quadrant As the wall of the cecum was necrotic, a rubber catheter was 
introduced and the cecum closed around it 

Sulfanilamide was administered hypodermically every six hours The total dose was 
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64 Gm the fiibt 24 hours, 8 Gin the second 24 hours, 64 Gm the third 24 hours followed 
by 4 8 Gm per day After the fifth daj oral administration was used wuth gradually 
diminishing doses The drug w^as stopped on the eighth postoperative day Recovery 
w'as complicated by a pS3'chosis characterized by disorientation and hallucinations 

The highest temperature, 103 4° F by rectum, w^as recorded shortly after operation 
The temperature declined by lysis over a period of ten days The pulse rate was com- 
patible W'lth the temperature at all times 

Case 2 — Hosp No 39401 (Surgical) J R, wLite, male, age 25, w^as admitted to 
the Hospital of the University of Penns3d\ania, June 4, 1938, complaining of abdominal 
pain The patient had had his first s3’^mptoms, nausea and vomiting. May 31, 1938 The 
following day he complained of abdominal pain Localization of the pain occurred tw'o 
da3’-s prior to admission and on the day of admission again became generalized 

At the time of admission the patient w'as evidently very ill The abdomen w'as dif- 
fuseb’’ rigid and distended Peristalsis w^as hardly audible Shortl}^ after admission the 
temperature w^as 104 2° F by rectum, pulse 130 W B C 17,400 Operation was performed 
under spinal anesthesia through a McBurney incision Considerable purulent material 
W'as present w'lthout any ewdence of localization and liquid feces were found about a 
perforated appendix The appendix w'as removed and drainage instituted Cultuie 
show'ed Eschenchta coh, nonhemolytic Sti epfococct and Clostudunn ivclclm 

Sulfanilamide w'as given by hypodermocL'sis starting with a single dose of 40 Gm 
The dose w'as 8 8 Gm for the first 24 hours, s 6 Gm for the second 24 hours, and w'as 
then gradually reduced The drug w'as stopped on the tenth postoperative day The 
clinical chart show'ed a severe but subsiding reaction in a patient w'hose chances of sur- 
vival seemed poor at the time of operation 

In ordei to aftoid a backgiound for the results we have obtained, it is 
necessary to piesent certain statistical data regaiding the series* and to out- 
line the routine management employed The age incidence of acute appen- 
dicitis in this series is shoivn in Chart i It is similar to that found b)' 
numeious others vho have lepoited on the age incidence as observed m a 
geneial hospital 

Of the 780 cases 300, 01 384 pei cent, weie diained Peiitonitis, mild to 
severe, localized 01 nonlocalized, was encounteied in 355 patients (45 5 pei 
cent) This appaiently high incidence of peiitoneal involvement is due to the 
fact that only patients in 33 Inch the appendix, by histologic examination, 
sho 3 ved acute diffuse suppuratn'e appendicitis or moie ad3'anced disease have 
been included in this repoit Gioss perfoiation in the nonlocalized cases 3 vas 
demonstiated in 77 instances (99 per cent) Localized abscess 3 vas found in 
51 patients (65 pei cent) 

Ileus, requiiing enterostoni}', occuired in nine patients All of the entci- 
ostomies, except one, 33 eie peifoimed pi 101 to 1933, 33'hen the use of suction 
diainage as suggested b} AVangensteen and Paine'^ 33'as begun The exception 
33 as in a young boy 3 vith a hemol} tic St) epfococcus infection 3 vhich in3'aded the 
retropei itoneal tissues and 33 Inch 3 vas associated 3 vith an ileus of the adynamic 
tj'pe Sulfanilamide 3 vould piobably ha 3 'e sa 3 ’-ed his life 

The most common oiganisms cultuied from the peritoneal exudate 3\eie, 
111 oidei of then frequenc} (1) Eschciichw coh. and (2) Sti cpfococci— 

The statistical anabsis is based on 7S0 consecutnc cases up to Jain]ar\ i 1939 
The moitalitr figures include the cases up to Ma) 15, 1939 
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hemolytic and nonhemolytic Anaeiobic cultures weie not made in a large 
enough group of patients to be of statistical value 

Residual collections were drained m eight cases It is inteiesting to lecord 
the fact that foui of these occuiied since beginning the use of sulfanilamide 
It IS possible that the diug favois local abscess foimation but it is more likely 
that localization occui i ed in patients who before the use of sulfanilamide would 
have succumbed to a spieading peiitoneal infection 

Number 
of Cases 



Chart i — Age incidence in acute appendicitis 
(Service E, Hospital of the Uni\ersit> of Pennsylvania ) 

Jaundice has been obseived thiee times since beginning sulfanilamide 
theiapy In one patient this may have been due to hemolysis following the 
administration of the diug In no instance did livei injury go on to abscess 
foi mation 

Routine Management — Opeiation was earned out as soon as possible 
aftei admission to the hospital in all children, in all patients in whom pain 
staited in the light lowei quadiant, and m all othei cases except foi a few 
who ai lived at the hospital late in the couise of the disease in whom it was 
thought that localization of a peritonitis was occui i mg or that an abscess had 
formed In the patients who presented signs of fulminating peritonitis the 
tendency has been moie and moie towaid eaily opeiation (aftei one to two 
houis of the mtiavenous administration of a 5 cent glucose and physi- 
ologic saline solution) Excepting cleai-cut cases of appendiceal abscess 
which need not be regaided as emeigencies, opeiation was delayed in less than 
2 pei cent of the cases 
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Anesthesia — In patients over 15 yeais of age, spinal anesthesia was em- 
ployed wheiever possible A fall in blood pressure was aveited in a majority 
of instances by the use of 50 mg of ephedrme sulphate Half of this amount 
was administered hypodermically about 20 minutes before operation and the 
lemamdei immediately before the spinal anesthetic was injected In patients 
undei 15 yeais of age, open diop ether was usually employed In certain 
patients with mai ked hypei tension or cai diac decompensation, local anesthesia 
uas used 

Incision — Whenever the diagnosis of acute appendicitis was made the Mc- 
Buine)' incision was used If it did not afford sufficient exposuie, it was un- 
hesitatingly extended in any desiied diiection 

Opeiatwe Piocediae — The appendix was removed regardless of its path- 
ologic condition except m those instances where to do so would have destroyed 
the wall of a definite abscess and m one fatal case Where an abscess was 
found against the lateral wall it was drained exti aperitoneally whenever pos- 
sible The appendix was divided with the scalpel and the stump cauterized 
with phenol, ligated, and ovei sewed with linen 

Occasionally in patients m vhom theie was maiked induration m the 
cecal wall, a rubbei cathetei was mtioduced thiough the stump and the cecum 
closed around it as advocated by Doi 1 ance ^ W e believe that it is of the great- 
est impoitance that the small bowel be kept out of the operative field except 
the tei minal few inches of ileum It was possible, as a rule, to do this thi ough 
the McBuiney incision and we believe that this is one advantage of this 
approach 

Diainage — Fibioplastic exudate on surfaces other than the appendix itself, 
gross fecal contamination, and fiank pus weie regarded as sufficient indica- 
tions for diamage Free fluid was legarded as an indication only when it 
appealed to be definitely puiulent A few patients in whom the attachments 
of the appendix weie extensive and fatty, and in whom numeious ligatuies 
were necessary, were drained in the absence of othei indications As a rule 
the )^oungei men drained some patients in order to be on the safe side, where 
men v ith more expei lence might not have done so 

When widespread peritonitis was piesent and the local exudate extensive, 
the appendiceal site was usually diained with lodofoim packing covered with 
a sheet of rubber dam, the lateral colic gutter with a cigaiette and the pelvis 
Mitb a soft lubber tube or a cigarette and a tube In such cases the wound 
vjs closed loosely Henna lesulted 111 a ceitam peicentage of such patients 
but we do not believe that this consideration should weigh in the sui geon s 
mind m planning the treatment of widespiead peiitomtis The advantage of 
the gauze packing is that it pi events the small bowel fiom falling back into a 
heavily contaminated field The object of diamage in the lateral colic gutter 
and in the pelvis is the prevention of secondaiy abscesses The lubber dam 
coveiing the gauze is used to prevent adhesions to the gauze 

The piincipal objection to the use of diamage is the fiequency of intestinal 
obstruction due to the development of adhesions In this senes, postoperatne 
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obstuiction necessitated ileostomy in eight cases up to 1933 In that yeai suc- 
tion diainage of the gastro-intestinal tiact was instituted in all patients with 
extensive peiitonitis with the result that only one ileostomy has been carried 
out since This was due to paialytic ileus and not to adhesions We believe 
(hat suction drainage of the gastio-intestinal tract has made a definite contn- 
liution to the tieatment of appendicitis with peiitonilis and that the aigument 
(hat diainage of the peritoneum should be miniini/ed on account of the danger 
of obsti uction has lost most of its validity The McBurney incision undoubt- 
edly facilitates maintenance of the diains against the lateial wall 

Postoperative Management — Confining the discussion to cases with mod- 
el ate or widespread pentonitis, postoperative caie was planned with a view to 
affoiding physiologic rest to the intia-abdominal visccia Nothing was given 
by mouth oi by rectum Suction drainage was used prophylactically to de- 
compiess the uppei gastio-intestinal tract The use of prostiginine and 
pitiessin was avoided if possible and these drugs were nevei resorted to during 
the first thiee days aftei opeiation The only possible breach of the principle 
of putting the intestine at lest was the loutine administration of inoiphine 
sulphate, which, accoiding to the obsenations of Abbott and Pendergiass® and 
of Puestow,^® may inciease the motiiit} of the small intestine The use of 
moiphine sulphate is defended on empiiic giounds alone Its value has been 
agreed upon by a number of clinicians of extensive expeiience When given 
regularly and when suction theiapy is also used, distention seldom appeals 
In eldeily people the dangei of lespiiatory depiession must, of course, be 
weighed against the advantages offeied by the use of moiphme sulphate and 
a compromise i cached 

Fluids weie given intravenousl}^ by the continuous drip method In all 
seveie cases sulfanilamide was admmisteied by hypodermoclysis Substantial 
quantities of physiologic saline solution weie needed for tins and had to be 
leckoned m the total intake The fluid gnen by vein contained 5 pei cent 
glucose and usually half of it also contained 9 o Gm of sodium chloride per 
htei In adults the total fluid intake was about 4,000 cc the fii st 24 hours and 
about 3,000 cc each succeeding 24 houis until the patient was clearly recovei- 
ing Serum chlorides and serum piotem concentiations were determined 
meiy 48 to 72 houis and seived as guides in the administration of saline 

Tiansfusions of citiated blood weie often given in cases of anemia, hypo- 
pi oteinemia and in patients with lapid pulse rate and peiipheral vasoconstric- 
tion 

Snljanilamide Thuapy — Indications Sulfanilamide is now being used 
m all cases that have been diained and in an occasional borderline case in 
which a rapidly advancing j)iocess has been found at opeiation but in which 
opeiation has been pei formed befoie the usual indications for diainage have 
appeal ed 

It IS also being employed pieopeiatively as an adjunct to the delayed 
method of tieatment and to piotect the patient fiom peiitoneal spread in ap- 
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peiidiceal abscess A\heie tianspeiitoneal cliainage may be necessaiy It ^^as 
used in about 40 per cent of the cases since the lattei pait of 1936 

Method of Adiiiintsh afioii — In patients with spieadmg peiitomtis in which 
the limits of the pei itonitis extended beyond the opei atn e field, sulfanilamide 
IS now given m 08 pei cent concenti ation m physiologic saline solution b) 
hypodei moclysis ' The dosage is usually 8 Gm the fiist day and is 1 educed 
about I Gm a day, the amount being ^alled to some extent according to the 
1 espouse of the patient In patients with mildei infections the usual dose is 
6 Gm the fiist day b}*' mouth This is giadually 1 educed to 3 Gm over a 
period of foui to seven days and then stopped We have not attempted to 
adhere to a iigid dosage schedule but cite these figures as lepiesentative of oui 
current practice Each day’s dose is given in foui installments at six-houi 
intervals The blood concentration of sulfanilamide should be maintained 
above 5 mg pei cent and we have kept it above 15 mg pei cent m ceitam cases 

Complete blood counts should be made every 24 to 48 horns If rapid 
anemia 01 leukopenia develops, the admimsti ation of the chug may have to be 
discontinued 

Dm ation of Intensive Ticatment — The decision to start fluids by mouth 
lested on the occuiience of audible peristalsis 01 the passage of flatus, a fall m 
tempeiatuie lasting 24 houis, abdominal relaxation on the left side, and a fall 
m pulse rate With the appeal ance of these favorable signs suction drainage 
was discontinued and venoclysis stopped after the 01 al intake of fluids had 
been increased to 1,500 cc per day 

Sulfanilamide u as seldom stopped befoi e the fifth day and often not befoi e 
the seventh Occasionally unfavoiable leactions made it necessary to stop it 
sooner 

Sulfanilamide Reactions — Reactions to the diug when given by hypo- 
dermoclysis are not different fiom those seen aftei oral administration Cyan- 
osis has been usual and should, as a lule, cause no alaim In the very sick 
patient it should not be confused uith the cyanosis of a failing circulation 
H^'perpyi exia with or without tachycardia or leukocytosis has been the most 
frequent toxic manifestation The drug-fever seldom came on before the 
fourth day unless the patient had previousl} had sulfanilamide It must be 
diffeientiated from an exaceibation of the disease by the lack of local signs 
We regard it as sufficient leason to stop the diug m a patient who is con- 
valescing satisfactorily The fevei may pei sist for two to three days after the 
drug IS stopped We have had no fatal leactions Reactions of all kinds have 
been decreased by gradually i educing the dose and stopping the drug in five 
to seven days whenever possible 

Some of the hemol3Tic Sti eptococcic infections in which sulfanilamide was 
fiist employed showed a marked tendency to relapse It has been our ex- 
peiience that, peiitoneal infeciions once overcome, as indicated by a fall of 
pulse rate and temperature, the passage of flatus by rectum and localization 

* Crystalline sulfanilamide for this purpose was kindly supplied in sterile ampules 
by Merck and Co 
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01 disappearance of abdominal signs seldom flai e up unless there is gross mis- 
handling such as piematuie catliaisis, too early disturbance of drains, etc 
There have been no untowaid leactions at the site of injection and the pain 
occasioned has not been more than is usually expeiienced with hypodermocly- 
sis of normal saline solution alone 

Discussion — The management of spreading peiitoneal infections associated 
with acute appendicitis lemains of inteiest because of the maintained high 
mortality attending this complication Education of the laity and oui medical 
students and piactitioneis in the necessity foi caily diagnosis and early 
operation has and will icsult in a i eduction m the incidence of spieading 
peritonitis and, therefore, a lowciing of the mortality of acute appendiceal dis- 
ease, but spreading peritoneal infection will piobably never be eradicated 
Some yeai s ago the late A P C Ashhui st stated “TJiere is no problem of 
acute appendicitis, the pioblems of appendicitis are the problems of its com- 
plications ” We aie m agreement vith this statement 

We do not believe that much can be gained by attempting to classify 
cases into local, spieading and geneial peiitonitis Local peiitonitis from a 
perfoiation neai the base may, in a few houis, become a very widespiead in- 
fection, and general peiitonitis is, m oui opinion, an autopsy latber than a 
clinical diagnosis Suiely the operatoi should not attempt to verify this 
diagnosis, because, of necessity, this vould involve extensive exposure and 
manipulation of the bowel The difficulties of differentiating spreading from 
so-called “general peiitonitis” aie many, and too often the most experienced 
clinician cannot state just how far the piocess has extended The infection 
may be widespiead a few hours after the onset of pain and it still may be 
localized many hours aftei the beginning of symptoms We, therefore, do 
not believe that operability should be detei mined by the time elapsed from the 
onset of symptoms to the time of admission to a hospital 

The most important problem m acute appendicitis is infection Infection 
of the peritoneum may be piesent befoie luptuie of the appendix, for gangiene 
or acute diffuse suppurative lesions may’- peiinit oiganisms to pass into the free 
peritoneal cavity The diffeience between this type of peritonitis and that 
associated with peiforation is one of degiee, in the latter, gioss soiling is more 
apt to be piesent 

While there is no umveisal agieement among authois as to the bacteriol- 
ogy of appendiceal peritonitis, it is geneially believed that the colon group is 
the most common invadei of the peiitoneum m this condition It is our 
opinion that when these findings are not confirmed in any one institution 
something is wrong with the bactenologic study Sfi eptococci are frequently 
piesent Some of these are aerobes, some anaerobes, and some aie facultative 
anaerobes Some of the Sti eptococci are hemolytic while others aie not 
Anaerobes of the Welch type aie also found, but theie is a difference of opinion 
as to the fiequency of their presence in the peritoneal exudate following per- 
foration of the appendix Meleney and his associates'^ found them in 20 per 
cent of their cases, Altemeier^^ in but i o per cent, while Bower^® states 
“The Clostridium welchit- was present in 60 per cent of instances in the flora 
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of Spreading peritonitis in man and dog A stiid)^ of the data of the same 
author presented elsewhei e^"^ discloses the fact that the Clostudium zuelchn 
was found in but 38 2 pei cent of a total of 55 cases studied Only 35 of the 
total group showed anaeiobes, and it w^as 60 per cent of this number, 01 21, 
wdiich had piesent the Clostudium zvelcliii 

The deciease m the moitality of puerpeial sepsis lesultmg from the use of 
sulfanilamide, wdiich w^as demonstiated b} Colebiook,® suggested that chemo- 
therapy might piovide a means of tieatment of consideiable usefulness m 
spieading peiitomtis lesuItmg fiom acute appendicitis The administiation 
of the drug w^as begun immediately aftei opeiation, because Buttle, Gray and 
StephensoiT® had showm that the value of sulfanilamide in the tieatment of 
hemolytic Streptococcus infections m the mouse w^as increased by the early 
use of the drug 

In the early cases in the sei les the drug w^as discontinued in 48 to 72 houi s 
wdien the culture failed to show^ hemolytic Sti eptococa The demonstrated 
effectiveness of sulfanilamide against the Eschei icJna colC soon caused us to 
use the drug wdien this oiganism w^as piesent, and befoie long it w^as employed 
loutmely m all cases legaidless of the cultuie lepoit 

The method of administration w^e finally developed w^as based upon the 
obseivation wdiich one of us had made (J S L ) that the blood level w^as more 
constantly maintained wdien the diug was lepeatedly admimsteied at 1 datively 
short intervals than wdien laigei doses w'-eie given at infrequent intervals 
One of us (J S L believes that the gross pathologic chaiacteristics of 
the lesion are often of 11101 e importance 111 determining the effectiveness of the 
drug than is the species of the infecting oigamsni Infections chaiacteiized 
by the rapid invasion of contiguous stiuctuies, and associated with a inmimal 
degree of necrosis, lespond 11101 e favoiably than do infections 111 wdiich there is 
also consideiable tissue iiijuiy and neciosis, or wdieie the infection is confined 
to a local abscess 

The peritoneum is an ai ea wdiere infections can, and undei favorable con- 
ditions do, advance lapidly The peiitoneal sui faces aie richl)^ supplied with 
blood vessels so that even 111 fatal cases it is raie to find seiosal ulceration 01 
gangrene of the tissues except m the area of pi unary infection Since trans- 
udation is known to occur into the pei itoneal cleft, it w^as of interest to deter- 
mine wdiethei sulfanilamide passed fiom the blood into the peiitoneal trans- 
udate or exudate In the dog leceivmg sulfanilamide we have found that the 
drug passes lapiclly into fluid injected into the peiitoneal cavity 

Three dogs pie\iously anesthetized wnth sodium amytal w^ere given mtra- 
pentoneal injections of physiologic saline solution one hour after leceivmg a 
sulfanilamide solution by hypodeimoclysis One-half hour latei a sample of 
peritoneal fluid w^as aspnated and the sulfanilamide concentration detei mined 
Blood samples weie taken before fluid w^as injected intraperitoneally and 
after the sample w^as taken Even in this shoit time the level m the peritoneum 
had iisen to neaily one-half of the blood Ie^el Undei these aitificial condi- 
tions fluid IS lapidly leaving the peiitoneal cavity, wheieas under the condi- 
tions of peiitomtis fluid is being pouied into the peiitoneum It is, therefoie, 
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probable that the sulfanilamide concentiation in the peiitoneal cavity undei 
the actual conditions of its therapeutic use is closer to the blood level than 
nndei the conditions of the experiment summarized in Table II 

Tablc II 

CONCCNTRVTION Or SULPANILAMIDE IN PERITONEAL ELUID AFTER 
SUBCUTANEOUS ADMINISTRATION 

Concentration of Concentration of 

Sulfanilamide in Sulfanilamide m 

Sulfanila- Physio- Blood Pentoneal Fluid 

mide logical 


Dog 

No 

Weight 

Kg 

Injected 
Subcu- 
taneously 
Mg per Kg 

Saline 

Solution 

Injected 

In trap en- 
toneallv 

Cc 

Be- 

fore* 

Mg 

Per 

Cent 

After t 
Mg 
Per 
Cent 

Aver- 

age 

Mg 

Per 

Cent 

Pento- 

neal 

Fluid 

Mg 

Per 

Cent 

Percent- 
age of 
Mean 
Blood 
Level 

916 

6 6 

48 

300 

2 5 

3 6 

3 0 

I 3 

43 0 

917 

7 7 

64 

300 

5 5 

5 7 

5 6 

2 2 

39 3 

918 

7 0 

80 

300 

5 8 

6 2 

6 0 

2 5 

41 6 


* The first determination of the blood sulfanilamide concentration was made one hour 
after subcutaneous injection of the drug Immediately after this sample was obtained, the 
mtraperitoneal injection of saline was administered and 30 minutes later a sample of the 
peritoneal fluid was withdrawn 

t After the peritoneal fluid was withdrawn, the second blood sample uas obtained 

The gangrenous appendix cannot be consideied as a favoiable site foi the 
action of sulfanilamide, and theie is no adequate leason to believe that good 
lesults would follow sulfanilamide ticatment without opeiation 

We do not believe that anything is to be gained by inserting diams into 
the peiitoneum and leaving the luptured appendix behind Drainage ot a 
widespread aiea of infection is not obtained and much is lost by permitting 
the souice of infection to lemam behind That some of the very late cases of 
spreading infection stand then best chances of lecoveiy by the delayed, or 
Ochsnei , method of ti eatment cannot be denied, but increasing experience has 
led us to believe that these cases aie by fai in the minoiit}^ and that many of 
the patients now being tieated by the delayed method should be subjected to 
immediate opeiation 

It IS not ceitain that the Clash idiuin ivelchn plays an impoitant idle in 
appendiceal peiitomtis A tiial of peifringens antitoxin in appendiceal peri- 
tonitis did not lower the moi tality in the hands of the senioi authoi The recent 
favorable lepoit of Bowei’” on the ti eatment of appendiceal peritonitis in the 
dog with sulfanilamide is of mteiest in this connection, especially as Bowei has 
been an advocate of the anti-Welch seium 

We do not believe that the moi tality of spieading pentoneal infection can 
be mateiially affected by the use of any seiums now available Foi the two 
most common invadeis, the colon bacillus and Sh cpfococcits, no potent seinm 
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IS available Theie is consideiable clifteience of opinion as to ^\hethel the 
Gosh idium welchu is sapiophytic or pathogenic in appendiceal peiitonitis In 
oui opinion it is not the major cause of death 

CONCLUSIONS 

( 1 ) The moi tality in a sei les of 809 consecutive cases of acute appendicitis 
has been 1 educed fioni i 5 pei cent in the fiist 552 cases to 0 4 per cent in the 
last 257 cases The impiovement is, we believe, the lesult of the employment 
of sulfanilamide m all seveie cases in the lattei group No othei known factoi 
was changed 

(2) A number of patients with veiy extensive peritoneal infection second- 
ary to appendicitis have recoveied with much less reaction than would have 
been piedicted on the basis of expeiience with the first 552 cases 

(3) Sulfanilamide readily difiuses into peiitoneal fluid m the experimental 
animal All the available evidence indicates that the peiitoneum is a favoiable 
site for the action of sulfanilamide 

(4) In view of the fact that appendiceal peritonitis is nonspecific, the im- 
piovement m mortality and m the cotiise of the disease obtained with sul- 
fanilamide IS in agreement with the concept of one of us (J S L ) that the 
character of the lesion is more impoitant than the specificity of the oigamsm 
111 detei mining the effectiveness of the drug 

(5) Attention is also called to the fact that in this senes no cases of in- 
testinal obstruction due to adhesions have been encounteied since the use of 
suction diamage of the stomach 
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WITH SPECIAL REFEEENCE TO THE LATE RESULTS IN THE MANAGEMENT 

OF CARCINOMA OF THE COLON 

Howard Patterson, M D , 
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Neav York, N Y 
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Ali hough successful lemoval of a poition of the colon for carcinoma 
was accomplished moie than a century ago, and repoited seveial years later ,^2 
theie IS still gieat diffeience of opinion as to the best method of pei forming 
such a lesection Many advocate and peifoim “primary resection and suture” 
m the average case,^®’ while others strongly urge the use of stage operations 
such as that sequence ordinarily known as the Mikulicz procedure It was 

with some hesitation that we selected such 
a controversial subject, recalling a discus- 
sion before this Society, just one year ago, 
during which the Mikulicz operation was 
described in veiy uncomplimentary terms ^ 
Oui excuse foi 1 eopening the ai gument lies 
in the dearth of material to be found in the 
liteiatuie in legard to the late lesults that 
may be obtained with the Mikulicz plan 
in the surgical attack upon carcinomata of 
the large hovel Much has been written 
about its lelative safety, about many major 
and minoi modifications, new types of 
clamps, and moibidity, but little has been 
written about what eventually becomes of 
these patients Aftei all, when dealing with 
cancel, one cannot appioach the pioblem 
timidly Suigical safety is highly impoitant, but thoioughness in removal 
and efficiency m cuie arc even more important At the Roosevelt Hospital 
we have long been paitial to the Mikulicz pioceduie, as the ojieration of choice 
in the average case We have been anxious to find out if the late results 
obtained justify its continued application A caieful leview of our records 
has been made fiom this point of view 

When Mikulicz came to this country, in 1903, to address the American 
Surgical Society,”'’ he opeiated in the Syms amphitheater of the Roosevelt 
Hospital He was the guest of Dr Geoige Brewei, who assisted him at the 

* Read before the New York Surgical Society, January ii, 1939 Submitted for 
publication December 16, 1938 
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operation He wore white cotton gloves, changing them perhaps a dozen 
times during the couise of the operation Those present weie much im- 
pressed by his technical skill The following year Doctoi Brewer spent five 
days with Mikulicz m Bieslau ^ A few weeks ago one of us (H P ) talked 
with Doctor Brewer, and his desciiption of the work in Mikulicz’s clinic 
was most interesting He had been gieatly impiessed by Mikulicz’s opeiative 
skill, and by the veiy warm peisonal interest he took in his patients At a 
time when many of the leading European surgeons seemed to be moie inter- 
ested in the specimen than the patient, Doctor Brewer found Mikulicz a great 
exception It was only about one year later that Mikulicz went to Vienna 
to be opeiated upon by Doctor von Eiselsberg, who found the situation en- 
tirely hopeless 

It would seem appropriate to briefly run ovei some of the mam features 
of the so-called Mikulicz plan, before pioceedmg to the consideration of 
the late results Foi our purposes, this teim may be applied to any operation, 
pel formed in stages, that involves mobilization, the fashioning of a “double- 
barreled shotgun” out of the afferent and effeient loops, the prompt or delayed 
lesection of the growth outside the peritoneal cavity, and the subsequent 
removal of the partition b)'' the neciosmg pressuie of a clamp Innumerable 
modifications have been described, but the principle remains the same The 
name of Bloch^ or PauP^- might have been applied to the operation wnth 
at least equal justification Mikulicz did not claim oiigmality As a matter 
of fact, he pointed out^® that a similar type of operation had been perfoimed 
as eaily as “the 1870’s” by se^elal surgeons (Maydl,“^ Schede,*^^ etc ) The 
early opeiations of Mikulicz involved the removal of the tumor itself, wuth 
but little margin of normal bowel and scant attention to the mesentery How- 
ever, his later operations were much more ladical This is obvious fiom a 
review of his section m the “Surgical System” edited, in 1904, by Bull,“ which 
urges a margin of “three to five centimeters” of normal boAvel on each side 
of the growdh, and extensive resection of the adjacent mesentery 

Paul practiced the immediate removal of the exteriorized giowth, with 
insertion of flanged glass tubes into the ends of the bowel In his earhei 
report, only two of seven resections were multiple-stage piocedures, but 
subsequently he reported two other interesting cases in wdiich he had adopted 
this plan^^ Rankin has populaiized and perfected the “obstiuctive resec- 
tion, ”3'^- ss, 39, 40 preceded b}'^ cecostomy or colostomy if the element of ob- 
struction IS a prominent one How^ever, this is, in principle, the old Mikulicz 
plan, and stands out in marked contrast to resection wuth anastomosis 

Although differences in caliber, fecal content, blood supply, lymphatics, 
and mobility raise varying problems in different portions of the large bow el, 
the Mikulicz pnnciple has been applied to all parts of it Lahey-- has adopted 
it as his usual method of handling growths of the right side of the colon, as 
well as the left Rayner,^^ and others, have had similar good 1 esults in apply- 
ing this plan to resections of the right colon The ileal contents are carried 
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off by a tube foi a few clays, and the subsecjuent temporary ileal fistula has 
not pioved to be the great nuisance that one would expect 

Giowths of the transveise colon aie well adapted to management by the 
multiple-stage method, those situated near the flexui es being adecpiately mobi- 
lized without much difficulty The hmhs may have to be twisted slightly as they 
emeige fiom the longitudinal incision, but this usually gives no trouble Hart- 
well,^'’ in his caieful analysis of the special gioup of splenic flexui e growths, 
uiged the use of multiple-stage lesections, the moitahty in one-stage resec- 
tions being thiee times higher 

The sigmoid, commonest site of cancel of the colon (exclusive of the rec- 
tum), piesents the ideal site foi the employment of the Mikulicz pioceduie 
Unless the mesentei}^ is extraordinaiily shoit, 01 the abdominal wall extiemely 
thick, adequate mobilization at this site is easy One of Paul's’’* early cases, 
opeiated upon undei veiy difficult ciicumstances, was of this physical type 
By an ingenious use of his flanged tubes, he pei formed a successful lesection 
and was able to lepoit the patient as alive and well two yeais latei As a 
matter of fact, one can occasionally “exteiioiize” a caicinoina of the upper 
lectosigmoid, although they may have hecn lesigned befoie opeiation to pei- 
foimmg a complete ahdomino-pei meal lesection Thoiough mobilization, de- 
piession of the parietal peiitoneal level, and the use of lodofoim gauze packing 
to foim a bed for the giowth until the second stage, will sometimes allow 
the application of the Mikulicz plan in these cases and tlie avoidance of a 
permanent aitificial anus It is in this gioup that spontaneous closuie of 
the fecal fistula is most likely to occui W J jMayo-" ui ged the moi e frequent 
lesoit to this method, in low sigmoid and high rectosigmoid growths, moie 
than 25 yeais ago 

The use of a “peiineal Mikulicz,” foi low rectosigmoid giowths, has been 
applied to occasional cases Theie weie none of these in the Roosevelt Hos- 
pital senes Geister*® piesented such cases befoie this Society in 1931 
again in 1936, and lefeired to Kuttnei’s cases Cartel has perfoimed seveial 
such 023eiat]ons with encoui aging lesults 

The actual choice of opeiation in a given case of caicmoma of the colon 
must be predicated tqDon foui geneial consideiations — the condition of the 
patient, the exj^eiience of the suigeon, the site of the giowth, and the type 
and degree of complications Most obseiveis agree that the Mikulicz plan 
IS the safest ^\ay in which one can lemove poitions of the colon Ample sta- 
tistical suppoit of this belief is available, and (based upon such reports as 
those of Mikuhcz,“® Raynei,’** Moszkowicz,^® Rottei,'*'* Bolling,'* Anschutz,* 
Dixon,** Oppel,^“ etc ) one can state, m geneial, that piimar}'- resection and 
anastomosis carries a moitahty of 20 to 35 cent, while the Mikulicz pro- 
cedure, properly applied, entails a mortality of 10 to 20 pei cent Mikulicz s 
own mortality was 12 5 pei cent Rankin^* has lowered this figuie to less 
than 10 per cent, and has leported a senes of 31 consecutive cases with onty 
one death It is obvious, of couise, that if the multiple-stage method be le- 
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served for the “bad-iisk” cases that are too old oi too sick to stand piimaiy 
resection, such low mortality figures would be impossible 

It IS generally agreed that acute obstruction calls for prehminaiy cecostomy 
or colostoni)'’, no mattei what type of lesection is to follow It is a factoi 
that IS present m about 30 to 40 pei cent of cases of colon carcinoma, as 
they come to the suigeon Anschutz^ noted obstiuction of considerable 
degree in 51 cases out of 128, Blown,® m 43 of 171, Mikulicz,-^ m 28 of iii 
cases Neaily half of the patients in the Roosevelt Hospital senes showed 
some obstruction, and HaitwelB® noted that, m the special group of splenic 
flexure giowths, neaily three-fouiths piesented acute obstruction at the time 
of opeiation In 27 per cent of the cases in our senes, a pieliminary cecostomy 
was performed Formeily, the use of the first-stage Mikulicz opeiation, with 
immediate decompiession of the upper loop by means of a catheter, was often 
tiled m these cases It vas fai fiom satisfactoiy One must lemember that 
the mere handling of obstructed, edematous bowel may lead to peritonitis, 
even m the absence of gioss soiling Cecostomy works well as an emeigency 
vent, but it ceitamly does not leally diveit the fecal stieam, nor does it afford 
the opportunity foi lest and cleansing of the bowel distal to it that one gets 
with a divided colostomy such as CheeveH® and Sistiunk'^® have urged, pref- 
eiably in the right half of the tiansveise colon 

Critics of the Mikulicz opeiation point, with consideiable justification, 
to the long moibidity, the necessity of multiple opeiations, the nuisance of a 
fecal fistula for seveial weeks, the likelihood of hernia, and the possibly “inade- 
quate” removal of the lymphatic-beai mg aiea adjacent to the growth It has 
been noted that recuiience in the abdominal wound itself may occur Rankin 
lepoited a definite incidence of these when using the “original” Mikulicz type 
opeiation, this being one of the main leasons foi his modified plan vhich 
involves the removal of the giowth at the primary operation®" Whipple^® 
has also spoken of this possibility There have been no lecuirences m the 
abdominal wall in any of oui cases, so fai as we have been able to determine 
Possible conti aindications to the Mikulicz extenoiization, as enumeiated 
b} Sistrunk'^® and endoised by Rankin,^® aie to be found m the presence of 
adherent giowths with infection of the vail of the bowel and adjacent tissues, 
laige giowths associated with infection, a consideiable degiee of obstruction, 
or occasionally in obese patients with shoit mesenteiies Gieat care and pa- 
tience can often enable one to mobilize giowths such as are mentioned as 
the fouith class above Hovevei, ti action on such mesenteiies is hazardous, 
and in this gioup occur most of the cases of subsequent fatal embolism The 
first thiee gioups mentioned above as “conti aindications” can often be tians- 
fei led to the opei able gioup by prehminar) cecostonn oi tiansverse colostomy 
Howevei, cuie by lesection after a colonic carcinoma has perfoiated (vith 
abscess foimation) is veiy laie, although it does occui -® 

It IS tiue that the adoption of the IMikuhcz plan means multiple opeiations 
and a long hospitalization We feel hove\er that die advocates of piimai\ 
lesection and anastomosis aie misleading in this legaid They seem to urge 
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that the somewhat increased iiioitahty is more than offset by the assurance 
of a single opeiation with piompt healing This is, however, not always the 
lesult, by any means Of the laige series leported by Cheever,^® only 50 
per cent of the pnmaiy suture cases were completely healed at the time of 
discharge Twenty-seven per cent had fistulae, and the other 23 pei cent 
had granulating wounds The aveiage hospital stay was 433 days Of the 
Mikulicz cases in the same 1 eport, only 30 7 per cent were completely healed 
at the time of discharge, and the average hospital stay was 53 days Among 
Rayner’s^^ pnmaiy lesection cases, perfoimed with a very low mortality, there 
were “seveial” cases of wound suppuiation and of fecal fistulae It is evi- 
dent, theiefore, that pnmaiy sutuie does not avoid complications in wound 
healing m a considerable peicentage of cases 

As to the “wideness” of the lemoval of bowel and mesentery, one must 
be piactical The two prime factois 111 cuie are eaily opeiative intervention 
and a lelatively benign growth, the latter factoi being the more important 
of the two All surgeons of experience have seen, on the one hand, very 
small pnmaiy colon caicinomata with the hvei full of metastases, and on the 
other hand, huge extensive tumois that do not recui after operation A high 
percentage of excised, enlaiged regional lymph nodes in these cases prove, 
on examination, to be mflammatoiy While one must always lean towaid 
ladicahsm and thoioughness m all cancer surgery, it is doubtful if many cases 
of cancel of the colon are saved by unusually wide excision of mesentery who 
would not have been saved by lesection of the growth itself, with reasonably 
adequate margins all around At any late, one can certainly perform almost 
as radical a resection with the multiple-stage operation as m the one-stage 
resection Rankin^® has outlined the method of accomplishing this 

The case for primary resection and anastomosis has been admiiably pre- 
sented by MacFee,”'^ who uses the simple but effective end-to-end aseptic 
anastomosis described by Scarff,'^'^ and reports a veiy low mortality (16 i 
per cent) The whole problem is reviewed and thoroughly discussed, but 
little IS said about late lesults The dangeis of primary resection and suture 
of the large intestine weie well stated in the “Surgeiy” edited by Bull" some 
35 yeais ago The same anatomic, technical, and bactei lologic consideiations 
seem to us to be still valid It is a vastly diffeient problem from anastomosis 
of the small intestine We think it highly important to realize that among 
those surgeons who urge the multiple-stage piocedures, with all their incon- 
veniences, aie many men of vast experience and gieat technical skill, in whose 
hands pi unary anastomosis should be as safe as is possible "■ 

It might be well to bi lefly considei the routine that we employ in multiple- 
stage resections, befoie taking up the question of the late results In the 
presence of obstruction, preliminaiy cecostomy is always pei formed Unless 
the patient is in a very piecaiious condition, exploiation is earned out at this 
time If one is very gentle, a complete exploration can be made without 
unduly increasing the risk, and it enables one to take inventory and plan 
intelligently as to the piopei futuie course The fiist stage of the resection 
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follows in 10 to 15 days Meanwhile, with subsidence of edema, the giowdh 
has usually "opened up,” with the passage of mateiial by rectum 

At the time of the first stage of the Mikulicz resection, one must employ 
a really adequate incision If previous exploration has not been made, it is 
caiefully performed m a regulai sequence — examining the liver and aortic 
nodes first, and the growth itself last, for one may encounter a small abscess 
when least expected If the growth is found to be removable (and this should 
be done at times, even in the presence of liver metastases), a painstaking 
mobilization is performed, “freeing-up” the tumor and the adjacent mesentery 
down to its root This may necessitate the division of the splenocolic ligament, 
even when the growth is rather remote from it, foi this will give much moie 
mobility The two limbs of bowel, as they approach and leave the growth, 
are then approximated and sutured together with interrupted silk sutures 
A longitudinal band is selected as the site for the suturing, and two rows are 
often placed, slightly more than one-half inch apart The two limbs should 
be approximated for a distance of at least two and one-half inches below' 
the level of the peritoneum, and pieferably more In the piesence of a func- 
tioning cecostomy, the "obstiuctive resection” of Rankin may be perfoimed, 
with immediate removal of the growth However, in the usual case, we still 
do the old-fashioned exteriorization, using iodoform gauze as a bed for the 
growth, if it tends to come in contact with the wound At the time of the 
first-stage Mikulicz operation every patient, without exception, receives a 
transfusion of at least 500 cc of blood, usually during the latter pait of the 
operation or as soon as it is completed 

The growth is lemoved by cauterj' aftei 48 to 72 hours Many surgeons 
remove it earlier, but this lessens the safet)' of the operation, due to the danger 
of peritonitis from inadequate sealing Foi the same leason, we never take 
sutures in the bowel wall, m ordei to anchor it to the peritoneum at the time 
of the first stage The peritoneum is closed snugly aiound the limbs as they 
are bi ought out, and we often include a small epiploic appendage m the peri- 
toneal sutures as the)' aie tied, but we feel that it is dangerous to sew the 
bowel wall diiectly to the parietal peiitoneum 

In dividing the paitition between the two sides of the "double-barreled 
shotgun” that has been constructed, we usually use a large Kocher clamp, 
having found that to be the most satisfactory in the long run Now that 
they aie made out of much lighter- w'eight metals, the newer type clamps^"* 
are piobably moie desiiable The clamp is applied as soon as the giowth is 
removed, and it should necrose the "spur” and cut through m six or eight 
days It is ordinal ily tightened every other day If care is taken in its appli- 
cation, aftei careful palpation through the bowel openings, injury to small 
intestinal loops or to the blood supply is unlikely It is absolutely essential 
that the partition be cut down deeply, even if this lequires a second or even 
a thud application of the clamp This is tedious and annoying for the patient, 
but will piove very worthwhile Rankin states that if the spur is cut dow'n 
pioperl)', "moie than half” of the fecal fistulae -will close spontaneously We 
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have not been so foitunate, only lo of oui 51 operative suivivals having had 
spontaneous complete closine It is likely that we have not always waited 
long enough Among the eailiei cases, theie weie many 111 which closure 
was attempted much too soon, within 15 days of the lesection This led to 
many failuies in closure If the closuie is delayed foi four to six weeks 
or longer, it is usually easy to peifoim and much more apt to be successful 
There is often som'e dischaige of gas and fecal matter (in 21 of 37 of our 
cases) aftei closuie, but this soon cleais up, and reclosuie is rarely necessary 
We have lecently found the Furniss^^ clamp a veiy useful aid in closing these 
colostomies Oidinanly, it is not necessaiy to open the peiitoneum, but 
if this IS done it is of little consequence, on account of the maiked immunity 
that these patients have developed One must always remember that these 
patients aie pi one to develop incisional heiniae, and it is at this final stage 
operation that one can guaid against this by caieful dissection and adequate 
closure of the layers This is anothei good leason foi not attempting closure 
too soon, while the tissues aie still edematous In many of our latei cases, 
the patients have been sent home foi a few weeks before letmmng for 
closui e 

Late Results — The late lesults m the suigeiy of cancel of the colon are 
fai more eiicoui aging than they weie at the stait of the century, although, 
as MacFee-'* has pointed out, most of the cases aie still of long standing 
when they leach the surgeon Raifoid,’*’ lepoiting from the Johns Hopkins 
Hospital, found that in the period fiom 1900 to 1905, less than 25 per cent 
of the cases weie opeiable, the opeiative moitality was 31 pei cent, and only 
146 pel cent of the lesected cases could be called five-yeai cuies From 
1925 to 1930, 66 pel cent of the cases weie found to be operable, with a 
moitahly of 173 per cent, and five-year cuies in 28 pei cent of the lesected 
cases Cheevei^® found that 85 out of 154 cases were suitable for lesection, 
and MacFee’* lepoited that 49 per cent of the colon carcinomata admitted 
to the New Yoik Hospital could be lemoved 

The curabiht}'^ of colonic cancel is one of the moie hopeful aspects of 
cancel suigeiy Late lecuiiences are laie, and it is highly probable that 
a patient who seems peifectly well thiee years aftei lesection will have no 
recurience Anschutz repoited 10 patients who died of lecuirence follow- 
ing multiple-stage lesection, and none of them lived more than 15 months 
Of Mikulicz’s cases, only one who died of lecuiience could be classed as 
“late ” This patient lived five and one-half yeais aftei opeiation, and is the 
only case of late recurrence that we have been able to find aftei a fairly com- 
plete review of the liteiatuie This featuie offeis a maiked contrast to many 
other fields of cancel suigeiy, with then disheartening late lecurrences 

Late results are difficult to find in the literatuie, but a careful seaich 
leveals some very encoui aging statistics W J Mayo"^ leported that, of 
262 lesections of the laige intestine foi caicinoma, theie w'eie 54 
of five-year cures among those wdio survived opeiation Most of these Avere 
Mikulicz type opeiations, this opeiation having been introduced into the Clinic 

70 



volume 111 the MIKULICZ PROCEDURE 

Numljci 1 

by C H Mayo about 1904, and adopted as the routine method of handling 
left-sided colon giowths 

After summaiizmg the repoits of Hochenegg,-® Anschutz/ Peteimann/® 
Moszkowicz®° and Mikulicz/®* one finds that, of 79 opeiative survivals, 
20 patients weie known to be dead of lecurience, 36 weie known to be living 
and well, of whom 23 had lived moie than thiee years, 19 more than four 
years, and 10 more than five yeais Many of the other patients m the gioup 
could not be traced, and the statistics are, theiefoie, fai fiom satisfactoiy 

Radicalism, 111 one’s appioach to colonic cancers, is fully justified by 
expel leiice Resection of adherent small bowel, 01 stomach, along with the 
primal y giowth, has often been followed by five-year cures, and apparently 
hopelessly inoperable giowths may be successfully lemoved When a sur- 
geon’s operative moitahty m colon lesections is very low, it is likely that 
he has not been attempting the ladical cuie of certain cases of borderline 
opei ability that should be given this chance, notwithstanding the inci eased 
iisk iiwolved 

We have leviewed the Mikulicz opeiations for caicmoma of the colon 
at the Roosevelt Hospital, and the piesent repoit is based on a survey of 
the lecords of 70 cases 111 which a caicmoma of the large bowel was resected 
by the Mikulicz method Seven of these cases were deleted fiom the sta- 
tistical suivey, with what we considei adequate justification, as being in no 
sense a tiue “test” of the opeiation One case had laige coexisting carcino- 
mata of the cecum and the sigmoid, the latter being handled by the Mikulicz 
plan One patient presented a sudden perforation of a large growth with 
fulminating, diffuse peritonitis, and anothei had a laige sigmoid growth with 
peifoiation which lesulted in a laige abscess that penetiated into the bladdei 
The lemainmg four of the seven deleted cases represent heioic effoits to 
leclaim hopelessly mopeiable situations, m which multiple resections involving 
adheient stomach, small bowel, spleen, etc , weie pei formed in addition to an 
exteiionzing opeiation upon the primaiy giowth The deletion of these seven 
cases, which we felt could not serve as a basis foi determining the efficiency 
of the proceduie, left a total of 63 cases foi study There were two hepatic 
flexuie giowths, ii in the tiansveise colon, seven at the splenic flexuie, 10 
in the descending colon, 29 m the sigmoid, and four in the lectosigmoid 

Moitahty — Theie weie 12 deaths, an operative moitalit}^ of 19 per cent 
Thei e wei e three cases of fatal pulmonaiy emboli, three of cardiac failure (two 
of them veiy eldeily), and one of “postoperative shock” (autopsy showed 
no adequate explanation) One death was ascribed to a viiulent pai otitis, 
and anothei was appaiently due to novocain poisoning death being sudden 
and unexpected while the patient was on the table There were only two 
deaths due to peritonitis, one unexpected and one following the rupture of 
a laige foul abscess duiing operation The geneial condition of the patients 
seemed to lepiesent the basis foi most of the fatalities, as five of the cases 
weie eldeily, and ii of the 12 had legional or liver metastases 

Opciatwc Swvwal — Theie w^eie thus 51 operative suiwnals and these 
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have been divided, in an attempt at clarity, into those operated upon more 
than three yeais ago, and those operated upon during the past three years 
Although a longei peiiod than thiee years would be desirable, experience 
has shown that a patient who is “recuirence-free” three years after resection 
of a colonic cancer is apparently likely to remain so 

A total of 37 of the cases suiviving opeiation were operated upon more 
than thiee yeais ago Fourteen of these are known to be living and 13 are 
apparently well, having been followed for an average of eight years since 
operation The other patient has lived more than four years since the resec- 
tion of a growth of the sigmoid, but now has a carcinoma in the posterior wall 
of the bladdei There is some diffeience of opinion as to its source, but we 
feel that it is very likely a lecuirence, and are listing it as such 

Nine patients aie known to have died with recurrence Eight other patients 
weie followed foi a time and then “lost ” Six of these we have considered 
as “dead of recuirence” m our suivey Two of them may fairly be listed as 
probable “cures,” one having been followed seven years after operation and 
the other nearly three yeais Both were well when last seen 

Six othei patients are known to be dead, none of whom had recurrence 
of colonic carcinoma, and five of whom lived long enough to be considered 
“cuied” by the operation One died 17 yeais postoperatively of cardiac fail- 
ure, one died at 80, fiA^e yeais after operation, and one died of pneumonia foui 
years after operation, autopsy showing no sign of lecuiience Two patients 
died after thiee and one-half years had elapsed since operation, one of cere- 
bral hemoiihage and another of primary caicinoma of the uterus The sixth 
case died two yeais aftei resection, following a belated second attempt to 
close a small fecal fistula Although no sign of carcinoma was found, this 
case was not followed long enough to be considered a probable “cure ” 

We feel that it is leasonable to assume that 20 of the 37 patients who 
survived opeiation weie “cured” of then colonic carcinomata by the Mikulicz 
type of multiple-stage lesection This gioup, constituting 54 cent, is 
made up of 13 Innng patients, free of recurience for an aveiage of eight 
yeais, two m the “lost” group who had been followed long enough to make 
recurrence veiy unlikely, and five patients who died of some entirely uni elated 
condition aftei thej'^ had lived an aveiage of six and one-half years following 
opeiation 

Fourteen of the patients who suivived resection were opeiated upon less 
than three years ago, and are thus of no value 111 the estimation of end-results 
It is interesting and encoui aging to note, however, that only two of the 14 
cases are dead of carcinoma, and that the other 12 cases are living without^ 
sign of lecurrence Four of these cases aie very recent, but eight cases have 
lived more than one yeai (an aA^eiage of 15F2 moi^ths) since operation 

CONCLUSIONS 

The Mikulicz procedure is still the safest method of removing a portion 
of the large bowel 
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In spite of all the disadvantages of the Mikulicz plan, with its multiple 
opeiations and long morbidity, we believe that it is the proceduie of choice 
m the aveiage resectable colonic cancer 

With careful mobilization and proper technic, a sufficiently thorough le- 
moval may be accomplished with this method, and it affoi ds the patient a maxi- 
mum chance foi peimanent cure 

Radicalism, m the attack on large, adherent giowths of the colon, is justi- 
fied by the results obtained 

Whethei the opeiation for the lemoval of a cancer of the colon is to be 
perfoimed m one stage or m multiple stages, painstaking resection of the 
neighboimg lymphatic-bearing area of the mesentery is an essential pait of 
the procedure 

Late recunences of carcinoma of the colon are raie, and a thiee-yeai 
suivival period is more indicative of permanent cure than is a five-year peiiod 
in many other types of cancel 

A group of 63 patients is presented fioni the Surgical Seivice of the 
Roosevelt Hospital, on whom multiple-stage resections weie peifoimed foi 
carcinoma of the colon Theie weie 51 operative suivivals, and 37 of the 
cases were opeiated upon more than three yeais ago A critical leview indi- 
cates that 20, 01 54 pei cent, of these cases were apparently cured by the 
Mikulicz type of lesection 
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Whipple, A O Personal communication 

Discussion — Dr Charles L Janssen (Net\ Yoik) said that, with 
Doctoi Olsen, he had recentl}^ made an anabasis of the cases of caicmoma of 
the colon admitted to the Piesbyterian Hospital fiom 1916 to date The 
senes covei 489 cases Of these, 252 had ladical opeiations, with a complete 
follow-up on about 95 per cent 

Although the principle of the multiple-stage lesection is a sound one in 
Doctoi Janssen’s opinion, he said that he felt that the old-fashioned type of 
Mikulicz opeiation should be discaided It is not fulfilling the requisite of 
a ladical method of excision of malignant tumor, because the lymph nodes 
which can, AMthout gieatei risk, be lemoved aie left 111 Theiefoie, for five 
yeais he has favored a modified technic of the Rankin type He felt that 
with due lespect to Mikulicz, the use of his name could be discontinued on 
account of the confusion it causes 


Table I 

ANALYSIS or 195 CARCINOMATA OC THE COLON 
Preshytena7i Hospital, igi6 to ig35 (Inchisue) 

Three Years Ago or More Five Years Ago or More 



END-TO-END 

MIKULICZ 

END-TO-END 

MIKULICZ 

Total Cases 


61 

51 

47 


36 

Postoperative deaths 

15 

24 0% 

14 27 4% 

II 23 4% 

II 

30 5 % 

Lost to follow-up 

7 

II 4 % 

2 3 9 % 

II 23 4% 

2 

5 5 % 

Died of carcinoma 

9 

14 9 % 

9 17 6% 

8 17 0% 

10 

26 1% 

Died of other causes 

3 

4 9 % 

I I 9 % 

3 63% 

I 

2 6% 

Surviving 

Survivors excluding opera- 

27 

44 0% 

25 49 0% 

14 29 7% 

12 

33 3 % 

tive deaths 

Survivors excluding oper 


58% 

67% 

38 8% 


48% 

deaths, and lost to follow- 
up 


69% 

71% 

56 0% 


52% 

Survivors excluding oper 







deaths, lost to follow-up, 
and died of other causes 


75 % 

73 % 

63 6% 


54 % 


Late recurrences are not b}’' any means rare In this group, 15 recurrences were observed 
after the three-3’-ear period 

The attitude at Piesbyteiian Hospital has been eclectic In the group of 
patients opeiated upon thiee yeais ago 01 moie, the end-to-end anastomosis 
was employed m 61 cases and the multiple-stage resection in 51 No pie- 
conceived idea regaidmg anastomosis should be held when resecting a malig- 
nant tumoi Consequently an end-to-end anastomosis vill occasionally be 
emplo}ed At othei times, a multiple-stage and occasional!} a partial colec- 
tomy with peiinanent colostoni} vill be pei formed The functional results 
aftei the multiple-stage lesection are quite as good as aftei an end-to-end 
anastomosis 
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The operative moitality is not strikingly diffeient — 24 pei cent in end- 
to-end, and 27 9 pei cent in Alikulicz or multiple-stage operations Both 
figures could be improved upon 

The follow-up results likewise do not show a great deal of difference It 
should be understood that a compaiison is not entirely fair, because the two 
gioups, on account of the eclectic attitude at Presbyterian Hospital, are some- 
what dissimilar 

In giving lesults, statistics should be given that aie based on all cases 
opei ated upon Results should also be tabulated, taking into account the opera- 
tive deaths, the cases dying presumably of othei causes, and the cases lost to 
follow-up Doctoi Janssen offeied the following statistics (right colon ex- 
cluded) All cases had been operated upon three years ago or more (Table I) 

Dr Allen O Whipple (New York) emphasized two 01 three points 
bi ought out by Doctor Janssen First, m dealing with malignancy m the bowel 
or in any pait of the gasti o-mtestinal tiact, one should not compromise with 
the node-beaiing area That is the chief objection to the so-called Mikulicz 
type of opeiation as compared to the Rankin type, 01 lesection with an end- 
to-end anastomosis or the closed method of anastomosis such as Doctor 
MacFee mentioned Doctoi Whipple could not see how it is possible to ob- 
tain a thorough removal of the malignant giowth unless the node-bearing 
area is lemoved as radically as possible It is true that giowths of the colon 
may not metastasize as quickly and as generally as is the case of gastric 
carcinoma , nevertheless, the principle holds Another point to be emphasized 
IS that m case of end-to-end anastomosis, whether by the open or by the 
closed method, the use of silk seroseious sutuies lather than catgut sutures 
has a definite and real advantage in that both the sutuie material and the 
needles used can be much finer There is less chance of leakage which has 
been borne out in the statistics of the Piesbyterian Hospital Where this 
foim of suture has been used, theie has been moie than 50 per cent re- 
duction 111 the occurrence of fecal fistulae In Doctoi Whipple’s personal 
experience, some 30 pei cent of cases with end-to-end anastomosis have de- 
veloped moie 01 less of a fistula Diainage was used in those cases Since 
using the seroserous sutuie with silk, it is become exceedingly laie to have 
a fecal fistula 

Dr John Garlock (New Yoik) also emphasized the impoitance and 
value of the silk technic in suigei}'^ of the laige bowel Using fine silk mini- 
mizes to a large extent the tiauma incident to the perfoimance of an intes- 
tinal anastomosis Doctor Garlock said he had been using fine chiomic for 
the inner layers and silk foi the outer layeis Eveiy contemplated procedure 
for the treatment of caicmoma of the rectum and lectosiginoid must take 
into account the peripheral zone of lymphatic spread In view of this, it is 
difficult to understand the rationale of the modified Mikulicz procedure for 
these growths Good cancel suigery implies removal of the lyinph-di aining 
tissues as well as of the original giowth Sentimental consideration for the 
anal sphinctei has no place m the treatment of caicmoma of the lectum 
Experience m recent yeais has shown that a pioperly made colostomy causes 
little or no inconvenience to the patient 

Doctoi Garlock took occasion to repoit biiefly on the results of a study 
being conducted on his service at the Mt Sinai Hospital in collaboiation 
with the Bacteriologic Department This study is being carried out by Dr 
Gabriel Seley A prehminaiy report will be published shortly Inasmuch 
as all the small and large bowel cases at the hospital aie giouped in this 
particular service, there has been an unusual oppoitunity of studying the 
various problems associated with diseases of these organs Most of the 
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complications following intestinal suigery can be grouped under the main 
headings of peritonitis and wound infections About one year ago, Doctoi 
Seley began to study the bacteiiology of the colon cases with the idea of 
developing a method of conferiing immunity on the patients against post- 
opeiative infection In addition to the expeiimental work m the bacteri- 
ologic laboratoi 3'^, he made caieful aerobic and anaerobic cultures at the time 
of operation These were made fiom letiocolic tissues, the various la3^eis 
of the bowel wall undei lying the tumoi growth and also fiom the mucosal 
surface of the neoplasm In more than 90 per cent of the cases a Strepto- 
coccus was isolated m conjunction with B coli, the enterococcus and the 
other intestinal oiganisms The idea occuried to Doctor Garlock to ad- 
minister sulfanilamide preoperatively m the hope of destro3nng 01 curtailing 
the activity of the Stieptococci In March, 1938, therefoie, the purposeful 
preopeiative administration of sulfanilamide was begun m all colon cases 
Thirty cases have now been ti eated Since the institution of this plan, Doctoi 
Seley has been unable to obtain a single positive culture of Streptococci, al- 
though he has used the same technic as befoie Theie has not been a single 
case of postoperative peritonitis and onl}'' two mmoi wound infections The 
cultures have revealed the B coU, enteiococci, B subtilis, etc Theoreticall3\ 
it IS assumed that the Stieptococci and the B cob live m symbiosis in the 
large bowel By cui tailing the activity of one of these, the viiulence of the 
other IS immediately diminished The smoothness of convalescence of these 
patients has been notewoithy It should be emphasized that theie has been 
no change m opeiative technic which might be considered as a possible reason 
for the lesults desciibed These lesults have been so striking as to warrant 
a continuation and extension of the study 

Dr William F MacFee (New Yoik) said that the impoitance of 
pieopeiative caie and postoperative support could not be emphasized too 
often He noted with appiobation that the obstructed cases 111 Doctor Pat- 
tei son’s series were not subjected immediatel}’’ to resection A prelimmar}'^ 
decompi ession was effected m these cases and an adequate peiiod of time 
was allowed foi a letuin of the colon to an approximately normal state He 
appioved also of the tiansfusion of blood which was given in evei}^ case 

So far as the operation is concerned the preoperative complications are 
probably nioie important than the operation itself They increase the iisk 
no matter what kind of operation one elects to perform Chief among these 
aie (i) Obstiuction (2) Infection, with 01 without abscess (3') Fixation 
of the tumoi, or short mesenteiy (4) Poor general condition of the patient 
It IS the giOLip of cases with complications such as these which accounts foi 
the moitalit}'- in aii}'^ series 

In regal d to postopei ative complications, thei e was, in a sei les of 56 cases 
of aseptic resections which I reported 111 1937, an incidence of 16 per cent 
of wound infections, one of which led to a fatal evisceiation There was 
one mteinal leak with fatal peritonitis, but no occurrence of external fistulae 

The moitality foi the senes was nine, 01 16 i pei cent This included 
tMo patients who died of pneumonia, and one 111 which the aseptic resection 
was begun but abandoned because of a leak from one segment of colon, and 
the opeiation was concluded as an exteriorization procedure 

This IS m rathei stiikmg contiast with the senes of Doctor Chee^er, 
which IS quoted b}'' Doctoi Patteison In this senes there was an incidence 
of 27 pei cent of fecal fistulae and 23 per cent had granulating w^ounds 
w’hen dischaiged from the hospital In speaking of primarv resection and 
anastomosis, one should distinguish between the open type "and the closed 
01 aseptic type of anastomosis 
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By way of countei comment, it may be noted that in the series presented 
by Doctois Patteison and Webb, all cases had a fistula foi a period of from 
foui to six weeks, and that 21 out of 37, 01 appi oximately 56 per cent, 
had peisistent fistulae for a time aftei an attempt had been made to close 
the original fistula Onl}'^ ten of 51 cases, 01 appi oximately 20 pei cent, of 
the senes healed spontaneously 

It is also an inteiesting ohseivation that when all of the 70 cases sub- 
jected to Mikulicz lesection aie taken into account the mortality statistics 
aie 27 I pel cent In the senes which I lepoited from St Luke’s and New 
Yoik Hospitals, with all cases included, the mortality foi the Mikulicz pro- 
ceduie was 279 pei cent Whethei a suigeon performs the Mikulicz or 
the pnmaijf lesection with aseptic anastomosis, piobably depends largely on 
which type he staited with, 01 is accustomed to Unless both the Mikulicz 
and the aseptic types ot lesection aie being peifoimed in the same Clinic, it 
would seem to be difficult foi one to conclude that eithei method is safei 
than the othei Exce])tion must be taken to Doctor Patterson’s conclusion 
that “the Mikulicz pioceduie is still the safest method of lemoving a portion 
of the laige bowel,” until he has given both methods a fair trial 

I fiiml}'^ believe that if the cases leported by Doctoi Patteison had been 
peifoimed by the aseptic method of anastomosis and undei taken with the 
same caie that was exercised in the peiformance of the Mikulicz procedure, 
the opeiative moitahty lecoid, excellent as it is, would have been even better 

Dr Morris K Smith (New Yoik) said that he had always been a 
devotee of the Mikulicz pioceduie Theie aie, howevei, ceitain pitfalls m 
its use which he had learned, sometimes thiough sad experience One has 
been mentioned b}'^ both Doctoi Patteison and Doctor MacFee, that is, the 
dangei of stiiimg up peiitonitis m tiying to mobilize an mfleuned, obstructed 
giowth Anothei difficulty is illustiated by the case of a man with a nonob- 
structmg lesion of the descending colon The patient was stout, and it was very 
difficult to mobilize the colon, so that the limbs of the spin ^^ere leally too 
shoit Things piobably would have gone well if the man had not coughed 
so much that he evisceiated with leti action of the proximal limb of the 
colon, \Mth subsequent fatalit) Looking back, a cecostomy and resection 
with piimaiy anastomosis would seem to have been prefeiable in this case 

In one aopaiently veij'- favoiable case, piogiess was quite satisfactoiy 
until closure of the fistula Doctoi Smith had closed a numbei without 
hesitating to open the peritoneal cavity in the piocess, and he did so 111 this 
patient She developed an infection and ultimately died Since then he has 
tiled to effect extrapei itoneal closuies There have been instances, however, 
in which the extraperitoneal closuie has failed one 01 more times, and a 
subsequent attempt 111 which the peiitoneum ^^as opened and the intestine 
mobilized has been successful 

After a deep application of the Mikulicz enteiotome, the opening between 
the two limbs often does not extend to the oiifice of the fistula on account 
of the curved shanks of the clamp Oidinaiily the opening has been com- 
pleted to the outside befoie closuie of the fistula, but in a case where Doctor 
Smith did not do this, thinking the opening made by the blades sufficient, 
obstiuction latei developed fiom strictuie at this point and fuither inter- 
vention became necessaiy 

Dr George T Pack (New Yoik) asked Doctoi Patteison two ques- 
tions one had to do vith bieakmg down the figuies for the patients who 
died with lecuirence, and survived the thiee-year peiiod \Mthout recuirence 
into those patients with carcinoma without metastasis to lymph nodes and 
those who had such metastasis, and the second question was whether theie 
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was a histologic giading of the cancels in those patients who sin vived ‘and 
in those who died 

Dr Howard Patterson said, in closing, that he was soiiy some of those 
nho had spoken felt that his statistics weie giossly misleading The m- 
teiest of Doctor Webb and himself la)^ m tiying to find out how efficient 
the Mikulicz type of proceduie was m the “cuie” of lesectable growths of 
the colon The cases deleted fiom the suive)^ weie those which could not 
possibly serve as a “test’ of any operation One was a young man m the 
twenties, who had a fulminating, diffuse peiitomtis He was thought, be- 
foie opeiation, to have an acute peifoiation of a duodenal ulcer Exploiation 
disclosed a laige giowth of the sigmoid vith a peifoiation the size of one’s 
thumb, and much fecal matter in the abdominal cavity He died the next 
day, following exteiioiization of the giowth, with diainage A second case 
had coexisting carcinomata of both the cecum and sigmoid Exploiation 
showed the foimei to be inoperable It was felt that the sigmoid giowth 
might latei obstiuct and, therefoie, a Mikulicz lesection was peifoimed 
These cases aie typical of those that were deleted from the study m legard 
to late results It was felt that several cases that weie “lost tiack of’’ aftei 
paitial follow-up are piobably well to-day — but they weie classed as “dead 
of recuirence’’ in the survey The cases weie not divided into those witn 
and without extension to legional lymph nodcb foi the reason that the total 
numbei of cases was too small to make such a study valuable 
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ADAPTATION OF THE MIKULICZ OPERATION FOR THE 
RIGHT COLON AND RECTOSIGMOID 

R Franklin Carter, M D , Louis R Slattery, M D , and 
Robert C Hahn, MD 

New York, N Y 

The Right Colon — The operation of Fiiednch, removal of the lower six 
inches of the ileum, the cecum, the ascending colon, and about one-third of 
the tiansveise colon has been quite generally adopted foi growths in the 
cecum and ascending colon The growth and the lymphatic area attached 
are removed when the ileocolic, right colic and the lateral branches of the 
middle colic arteries are divided as near as possible to their origin from the 
supeiior mesenteric and middle colic vessels The best methods of joining 
the ileum to the colon and of repair of the raw surface on the posterior 
abdominal wall aie still undei debate in the surgical hteiature 

The Mikulicz^ method of intestinal anastomosis is apparently gaming 
favor among surgeons for use following the Fiiedrich resection The 
method that has been employed with satisfactory results in pei forming the 
Fnediich resection and Mikulicz anastomosis is shown m Figures i to lo 
The general advantages of the Mikulicz method of anastomosis apply 
themselves in this instance The method of lepair of the raw surface on the 
posterior abdominal wall is adequate for the lemoval of the entire lymphatic 
area attached to giowths in the cecum and ascending colon Pnoi to the 
use of this means for lepairing this defect the area could not be covered 
when an adequate lymphatic drainage field was lemoved 

The Rectosigmoid — The removal of growths from the low sigmoid and 
upper rectal zones has passed through an interesting phase After LisfrancV 
perineal excision of the rectum in 1820, there seems to have been little tech- 
nical progiess made until 1S74, when Kocher^ and VerneuiP independently 
widened the scope of this opeiation b}'^ lemoving the coccyx From this 
time until 1900 the development of an adequate opeiative approach has pro- 
ceeded lapidly In 1883, while assisting Volckmann in the removal of a 
sarcoma of the sacrum, Kraske saw a large poition of the sacrum removed 
and the sacral canal opened without untoward lesults From this he rightly 
concluded that the lower sacrum could be resected in the opeiative approach 
to rectal caicmoma This step provided exposure sufficient to remove a 
laiger segment of rectum, and provided adequate exposure for reanastomosing 
the bowel without sacrifice of the sphincters Primary anastomosis was first 
attempted, but unsatisfactory results led him to discaid this for suture of the 
anterior half of the bowel followed by secondary closure in the sacral wound 
after it had begun to granulate The first successful abdommo-perineal re- 

* Read before the New York Surgical Society, January ii, 1939 Submitted foi 
publication December 19, 1938 
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Tig 3 — Division of the ileocolic, the right colic ind the Hter'il hrnnch^s of the middle Tic 4 — Dingr'imni'itic represeiitntion slioNving the method of suture of the divided mesen 

colic 'irteries close to their origin -ind splitting of the mesentery of the lov\er ileum 'uitl tery of the ileum to th'it of the cecum 'ind nscending colon As these- sutures ire placed the 
the f^se mesentery of the cecum 'ind colon cecum ind ascending colon are raised up and through the upper angle of the abdominal incision 

The last suture approximates the serovis surface of the lower ileum to the transverse colon 
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local metastasis, namely, the ischioiectal fossae, nodes along the levator am 
adjacent bowel, and the mesosignioid and aoitic nodes The pathologic basis 
foi the radical opeiation was not described m full until 1910, when Handley^ 
clearly showed the metastases piesent in the submucosal lymphatics 5 to 
12 cm pioximally m the intestinal wall 


r 
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Fig 6 —Closure of the Tbdommal ^^all m hjers Chniping of the colon 
Tnd ileum Injection of the loop 'with foimnlin solution to prevent deterioration 
of the specimen during the time it is left m place on the abdomen 


While the ladical pioceduie with the peiinanent colostomy was being 
developed there was an effoit made to lemove the giowth and pieserve the 
sphmcteis Dunng the developmental peiiod these operations fell into two 
general types The fiist compiised those operations in which the growth and 
all bowel distal to it weie removed and the pioximal end brought thiough 
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Tig 9 — Shows t ligTture passed around the proMunl colon and distal ileum colon 
ciushing clamp removed stoma chmp in place, and surrounding ligature tied tightl> about 
the open ends of the colon stoma clamp and ileum The stoma clamp should be supported 
bj the diessing to prevent its full weight from resting on the intestine The protruding 
ends of the colon and ileum are stiangulated b;y the ligature, which results in the open 
margins lesting about the level of the peritoneum as soon as the stoma clamp comes free 
This greatl> facilitates healing of the stoma without secondarv operative closure 



Fig 10 — Shows the result following spontaneous closure Ihe last three patients have closed 
spontaneously in from eight to 12 weeks The drainage on the abdominal wall of liquid feces is 
readily controlled in patients in whom theie is primary union of the rest of the abdominal wound, 
the spur is cut deeply, and adhesive tape is strapped tightly across the edges of the wound over the 
open ends of the intestine 
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the sphincteis and sutuied to the skin The second gioup consisted of pio- 
ceduies in which the sphincteis weie conseived and the continuity of the 
intestine reestablished by end-to-end siituie oi by intussusception of the piox- 
imal intestine into the distal segment The majoi objections were the liability 
of stiictuie foimation, the peiitonitis hazaid, and the incomplete lemoval of 
the adjacent Emphatic diamage aieas 

The hist application of the Mikulicz piinciple foi leestablishment of the 
continuity of the lectum with conseivation of the sphincteis was performed 
by Kuttnei ® In 1910, he leported 10 cases in which the giowth had been 
lemoved and a double-bai 1 eled colostoni} made m the Kraske incision The 
spurs had subsequently been divided and the colostomies closed with satis- 
factoiy functional lesults Theie vas one death in the fiist series Little 
IS to be found on this phase of the subject until 1924, when Kuttnei® repoited 
seveial hundied cases opeiated upon by this method In this senes there 
weie 36 pel cent thiee-3^eai cuies, and 24 pei cent five-yeai cuies Of these 
patients 52 pei cent had peifect continence while 176 pei cent had almost 
complete control 

Figuies II to 14 illustiate the opeiation herein desciibed, which has been 
peifoimed upon selected cases since June, 1934 It is a combination of the 
Miles® pioceduie and Kuttnei ’s sacial anastomosis by the Mikulicz method 
The lemaining fistulae have been tieated vaiiously (Table I) 
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Voluntaiy closure of the fistulous opening, without operative assistance 
seems to be moie probable 111 a Iiighei peicentage of cases as our expeiiences 
increase The average length of time foi closuie has been thiee to five months 
The bowels begin to move partially, on an aveiage, at about the eighth week 
The disadvantages of this opeiation aie legion The patience of the sur- 
geon as well as that of the patient is tiied severely by the dischaige of the 
fistula in the sacial position The most impoitaiit factor m piomotmg voluii- 
taiy closuie of the rectal fistula lies in keeping the maigins of the mucous 
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nicmbi ane of the intestine far enough away from the skin edges to prevent 
union of the two edges To control this factor the crushing clamps should 
be applied flush with the skin and with as much traction on the two loops 



1? IG II — The first portion of the operation consists of a celiotomy 
at which time the mesosigmoid is mobilized The node bearing area at 
the bifurcation of the aorta and the mesosigmoid is mobilized for removal 
during the delineation of the peritoneal leaves The trunk of the in 
ferior mesenteric artery is then ligated just belou the left colic arter>, 
care being taken to leave the marginal sigmoid branches intact The 
rectum is mobilized from above by dissection into the hollo\\ of the sacrum 
and behind the bladder This dissection is carried down to the levator 
muscles taking with the rectum all fat and nodes contained in this 
region A tape is tied to the rectum to facilitate delivery through the 
sacral wound The abdomen is then closed by temporary interrupted 
sutures and the patient placed in the Sims position 


as the circulation will withstand During the immediate postoperative peiiod 
the edges of mucous membrane can be depressed away fiom the skin margins 
by packing the cavity with gauze Operative freeing is necessary when the 
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mucous membiane edges and skin maigins unite Prolapse of the sigmoid 
through the fistula has occuiied m one patient with mterfeience in heal- 
ing of the fistula In this instance the distal sigmoid was shortened under 
anesthesia 

Attempts to close the fistula aftei the fiist thiee or four weeks have all 
resulted m a bleakdo^^n of the sutuie line after a few days from the pressuie 
of a collection of feces in the lectum When this piocedure is attempted 
the rectal sphinctei must be divided (ref Case L C , Table I) 



Fig 12 — A longitudinal incision is made over the sacrum and coccyx and the 
latter disarticulated and removed This step opens the pelvic caMt> from below and 
the growth is delivered through this aperture 


The outcome in the first patient in 1934 was unusually fortunate in that 
the patient withstood the opeiation well, healed completely and has not been 
disturbed by the moderate strictuie remaining Had the postoperative course 
m this patient been as trying as in the third patient in Table I, the piocedure 
might have been discontinued as being impractical 

The stricture of the union area that results fiom the proceduie will 
necessitate dilatation during the first six months of the postopei ative period 
Finger dilatation without anesthesia has sufficed m all instances except Case 
J S In that patient there was a slough of the proximal sigmoid which 
resulted in an aiea of one inch of the rectal zone made up of an epithelized 
area of scar tissue Following manual dilatation under anesthesia this patient 
has normal bowel function with finger dilatation about once a month 
There have been no lecuriences in any of the patients operated upon to 
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date Furthei obseivation of a laigei senes will be necessar}^ to evaluate 
this method against the completed Miles opeiation 

The unquestioned advantage of this method lies in the lack of contamina- 
tion of the abdominal cavity and of the pelvic cavity during the primaiy 
opeiation In this one fact lies the chief justification for the time consumed 
and the patience necessaiy to cany out the pioceduie 



Tig 13 — When ts much henlthy intestine Ins been delnered on each side of the 
growth as is possible the adjacent limbs of sigmoid and rectum are united The Mikulicz 
cl imps are applied without undue tension on the circulation of the loops, including the 
m irginal artery of the sigmoid The wound is loosely closed about the exteriorized loop 
The patient is then placed on his back and the abdomen reopened The peritoneal incisions 
are closed about the sigmoid as it descends into the pelvis, thereb> making an intact peUic 
floor for the loops of the small intestine to lie upon 

Three to four da>s later, when the sacial wound has become sealed off the growth 
may be removed and the marginal sigmoid artery clamped The proximal opening is 
allowed to function as a temporary colostom> 

In this one advantage over other methods, the authors aie satisfied when 
they compaie then expeiience in this method with any othei m which the 
sphinctei action of the anus is letained Preset vmg the sphincter is a matter 
about which theie has been a great difleience of opinion expressed for opera- 
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tions upon giowths of the lectosigmoid The patients in oui small senes 
weie not piomised a pieservation of the sphincter befoie operation This 
IS a mattei that should be finally decided at the opeiating table The primaiy 
aiea of metastasis of giowths in the upper lectum and low sigmoid is removed 
by the opeiative pioceduie herein described Those instances, in which 
metastases have been found outside the usual pi unary zone, are mainly those 
m which the supeiioi, secondaiy zones have been invaded This operation 



Fig 14 — The spur formed b> the resulting double barreled colostomy should be cut a\va> after 
the fifth to se\ enth day b^ the application of a crushing clamp The olive «^haped clamp takes a larger 
bite which reduces the tendency for postoperatu e stricture 


may saciifice the lemoval of a possible infeiioi, secondaiy zone that is larely 
invaded by metastases The supeiior, piimaiy lymphatic zone is lemoved 
as ladically as it is possible wuth any operative procedure 
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DIAGNOSTIC PARACENTESIS IN SUSPECTED 
INTRA-ABDOMINAL HEMORRHAGE 

Coleman C Johnston, MD 
Lexington, Ka 

Traumatic rupture of abdominal Ansceia may be among tbe most 
difficult and tieacberous of diagnostic pioblems which confiont the suigeon 
To simplify this peiplexmg situation, the use of abdominal paiacentesis has 
been suggested as a quick, simple, safe and satisfactoiy means of determining 
the pi esence of mti a-abdommal liemoi rhage What with the steady progress of 
high speed mechanization and the evei inci easing tempo of civilization, the 
incidence of this catastrophe is definitely on the increase 

Commonest among visceial inj lines pioduced by nonpeneti atmg abdominal 
tiauma is luptuie of the hvei oi the spleen, oi both Gill, m discussing the 
incidence of subcutaneous luptuie of abdominal viscera, states that rupture of 
the livei compiises 599 pei cent of these injuiies, while injury to the spleen 
accounts foi 33 per cent In other woids, 929 per cent of such injuries are 
associated with mti a-abdommal hemoi rhage which, if not expeditiously caied 
for, will result 111 tragedy BoljaiskiP lepoits a mortality of 833 per cent 
following luptuie of the liver In a series of cases operated upon, those sub- 
jected to suigeiy within the fiist two or thiee hours suffered a moitality of 
15 per cent, while delay of 24 houis or moie caused a use m the moitahty rate 
to 50 pei cent Thole® records a moi tahty of 36 per cent for the fii st six houi s, 
and 86 3 per cent m those seen after 24 hours 

The moitahty following luptuie of the spleen, m a series of 12 cases 
reported b)'’ B M A^ance,® was found to be 25 per cent, although it is usually 
quoted as being higher That the occasional case will suivive m spite of 
neglect has been repeatedly shown The well-known tendency of delayed 
hemorihage m splenic luptuie makes the latter even moie tieacheious in its 
subtle potentialities Fiom such evidence one must conclude that early entei- 
prise IS the pi elude to success, while pi oci astination is fraught with danger, 
for these patients, once past the stage when suigical intervention is possible, 
follow a rapidly failing com se and are soon beyond help of the most energetic 
supportive measuies 

Rupture of the livei or spleen is too often associated with othei seiious 
injuries which seive to confuse the issue Multiple fractuies, head injuries, 
lower chest tiauma, shock from exposuie, and countless other factors may 
obscuie the diagnosis 111 such a way as to far ovei shadow the insidious prog- 
ress of inti a-abdommal henioiihage The misfortune of operating upon 
such cases too late. 01 not at all, is piobably of moie common occurrence than 
would oidinarily be suspected, and for this leason one seems justified m 
reporting two instances in which abdominal paiacentesis was employed to 

Submitted for publication November 14, 1938 
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substantiate vague but suggestive evidence of intia-abdoininal hemorrhage 
In each case the abdominal cavity was found on exi^Ioration to contain over 
1,000 cc of blood, with fiee bleeding of alarming magnitude Delay, sufficient 
to have wan anted suigical inteivention uj^on clinical findings only, would 
ceitainly have pioved fatal in one instance, and piobably in both 

A bnef suivey of the hteiatuie reveals that abdominal puncture foi diag- 
nostic pill poses was first desciibed by Solomon, in 1906 Sahli advocated its 
use m diagnosis of appendiceal abscess and, in 1912, Panichi reported its em- 
jiloyment In 1921, SavaiiaiKp desciibed two cases of luptured liver diagnosed 
by abdominal punctuie Both lecoveied following opeiation In a third case, 
which pi oved to have a 1 uptui ed spleen, puncture was undei taken after several 
hours’ obseivation The diagnosis of hemopei itoneum was made, but suigeiy 
was of no avail Delotti, in 1922, leported eight cases of hemopeiitoneum, 
confiimed at opeiation, in which six of ii exploratoiy punctures were nega- 
tive He attributes this failuie to tne use of a short, fine needle onl}'’ slightly 
laiger than the aveiage hypodeimic needle Denzei devised a trocar with a 
capillaiy tube for the study of peiitoneal fluid in infants In 1925, Neuhof 
and Cohen"* published an inteiesting aiticle on a laige series of cases in which 
abdominal punctuie was employed in the diagnosis of acute mtrapei itoneal 
disease Seveial traumatic cases weie included Vance leported its value in 
a patient with a luptured spleen Foi the procedure, vaiious writers have 
used needles langmg 111 size fiom a laige hypodermic needle to that of a lumbar 
punctuie needle A small tiocai was used by some 

Technic of Pioccdiue — In the two cases heiewith lepoited, a trocar, 05 
cm m diametei, was introduced at a point just lateial to the rectus muscle and 
2 5 cm above the umbilicus Novocain was injected down to the peritoneum 
A small skin incision was made and the tiocai intioduced on either the right 
01 left side, depending upon the location of the injuiy On withdrawal of the 
plunger point, blood welled up in each instance The plungei point was rein- 
tioduced, the tiocai withdiawn, a steiile diessmg applied, and the patient sent 
to the opeiating room immediately 

CASE REPORTS 

Case I — At 3 00 p m , Julj^ 22, 1937, M S , colored, female, age 17, walked into the 
University of Maryland Hospital, suffering from a stab wound of the left chest, said to 
have been inflicted with a penknife at i 00 a m the preceding morning (14 hours previ- 
ously) The wound, i cm long, passed through the eighth interspace in the left posterior 
axillary line 

Examination revealed no evidence of fluid or air in the chest The abdomen was 
negative and pulse normal The wound was dressed and the patient admitted for obser- 
vation About two hours after admission the patient felt weak, sat up and fainted Pulse 
100, blood pressure 100/48 The abdomen was somewhat distended and doughy to pal- 
pation, but exhibited no tenderness or muscle resistance There was questionable dullness 
in the flanks Paracentesis through the left abdominal wall revealed blood and the patient 
was sent to the operating room immediately As her condition was becoming rapidly 
worse, intravenous fluids were administered 

Opeiation — Under gas-oxygen-ethei anesthesia, the abdomen was opened through 
an upper abdominal transverse incision The peritoneal cavity was found to be full of 
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blood 700 cc of which was collected in citrate, as soon as the splenic pedicle could be 
compiessed between the fingers, and autotransfusion was begun A small wound, i cm 
m length, was found at the upper pole of the spleen Bleeding was controlled with one 
mattress suture of well softened No 2 catgut The abdomen was closed, and the patient 
returned to the ward in good condition Eight days postoperatively, she developed an 
intestinal obstruction, and w'as reoperated upon through a left rectus incision The obstruc- 
tion was released and recovery thereafter w'as uneventful, the patient being discharged on 
the t\\ ent) -seventh day 

Case 2 — On July 22, 1937, W M , colored, male, age 28, was admitted to the Uni- 
versity of Maryland Hospital, immediately after having been kicked in the right chest 
The patient was intoxicated, but Avas apparently suffering considerably 

Examination revealed marked limitation of expansion of the entire right chest with 
dullness extending from the point of the right scapula downw'ard The entire lower right 
chest was extremely painful even to gentle pressure, and the right upper rectus and flank 
muscles were rigid, in contrast to the fair relaxation of the abdominal muscles on the 
left side Blood pressure 90/50 , pulse 100 Having just demonstrated the efficacy of 
diagnostic paracentesis in the first case not two hours pieviously, the procedure was 
repeated without delay The trocar w’as introduced on the right side this time and blood 
welled up on wnthdraw'al of the stilet The patient w^as sent to the operating room, and 
operated upon wnthin one-half hour of his injury 

Opetatwu — The abdomen was opened through an upper transverse incision, and the 
peritoneal cavity w'as found to be filled with blood A rent in the right lobe of the liver, 
four and one-half inches long, extending from the dome posteiiorly well through the 
low'er edge, w’as revealed , the bleeding w'as profuse The tear w^as closed wnth four 
mass sutures of w'ell softened, double No 3 catgut As bleeding appeared to be com- 
pletelj' controlled, the abdomen was flushed wnth hot normal saline solution, and closed 
without drainage The patient w^as returned to the w^ard in fair condition, but on the 
second postoperative day, developed signs of pneumonia in the right base He recovered 
from this and w^as discharged on the seventeenth day follownng operation 

CONCLUSIONS 

(1) Abdominal punctme as desciibed above is easily, quickly, and simply 
pel formed 

(2) Dangei of visceral injury is negligible 

(3) It substantiates at once, and ivithout question, the unceitam diagnosis 
of hemopei itoneum, wdiich may otheiwise be very difficult to make 

(4) The loss of \aluable time, due to uncertainty, is obviated 

(5) If blood is not found, no haim has been done, but it must be lemem- 
bered that dela3’^ed bleeding is commonly seen m luptuie of the spleen 
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FROM TUP DLPARTMFNT OF PROCTOI OG'i , GFORGLTOMN UMAERSITl SCHOOl OF MFDICINE 

In this piehminaiy lepoit, a single case of congenital absence of the anus 
and lowei lectum is being piesented It illustiates the value of preopeiative 
diagnosis by roentgenologic study in detei mining whethei the operative ap- 
pioach should be peiineal oi abdominal Furtheimoie, the author would like 
to present a new method of lining the fibiomusculai space between the anus 
and lectum in cases wheie the lectal pouch cannot be bi ought down and 
sutuied to peiianal skin 

Case Report — Infant M D, female, born at lo 45 am, April 12, 1938, following 
a normal deliver} A diagnosis of imperforate anus was made when no meconium was 
passed at the time of delivery 

Physical Examination — Eighteen houis after birth The patient was a rather puny 
infant, with rapid and shallow respirations The abdomen was uniformly distended, there 
weie no masses palpable Upon straining, there was some bulging of the entire perineum 
and no paiticular area seemed to “point’' (This is in contrast to the lack of bulging 
noted during the first eight to 12 hours after delivery ) A very superficial pucker- 
ing of the skin was noted where the anus would normalh have been located This was 
bisected bv the median perineal raphe, which extended from the posterior fourchette toward 
the coccyx Stimulation of the area with forceps elicited slight, but questionable, con- 
ti action of the underlying sphincter 

The external genitalia appeared normal, but searcli for a urinary meatus failed 
to reveal any The child had not voided up to the time of opeiation — probably incidental 
to beginning dehydration The child voided ten liours after operation and continued to 
do so until death, although the meatus was not identified until postmortem examination 
was made 

Roentgenologic studies were earned out as have been suggested by Wangensteen and 
Rice ^ The child was held up by the feet m front of a vertical screen and a plain 
roentgenogram of the abdomen obtained It has been noted by Ladd and Gross, ^ and 
Berman,^ that errors in diagnosis may easily occur during the first 24 hours of life We 
have confirmed this by taking roentgenograms at eight, 18, and 24 hour intervals after 
birth, and the findings have, almost invariably, shown that the longer one can reasonably 
wait before operating, the more accurate will be his preoperative roentgenologic exam- 
ination Berman^ has suggested that the fluoroscope be used and that massage of the 
abdomen, especially over the sigmoid area, be made so as to facilitate the migration of 
gas into the rectal pouch The rationale of taking this preoperative roentgenogram is 
that intestinal gas will seek the highest point m the obstructed intestine With the child 
in the inverted position, this should be the blind rectal pouch 

In this case the roentgenogram taken at eight hours showed no gas visualized 
However, by waiting until the period between 18 to 20 hours, we were able to demon- 
strate in this, and in the majority of other cases seen to date, the level of the rectal pouch 

The usual preoperative subcutaneous injections of saline and glucose were adminis- 
tered and the infant was operated upon, 21 hours after birth 


Submitted for publication October 19, 1938 
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Opeiatxon — With the child in the lithotomy position, two incisions were made across 
the anal area (Fig 2) The apex of each skin flap was elevated and a skin flap obtained 
by subcutaneous dissection The skin flaps were freed backward for approximately 2 cm 
Blunt dissection was next carried out to create a tunnel from the peiianal skin to the 
rectal pouch This was effected within the sphincter, and most of the deeper dissection 
extended posteriorly along the hollow of the sacrum into the space normally occupied 
by the rectum This direction was followed to avoid injury to the genito-urmary tract 
The rectal pouch was identified at a level of 3/4 to 4 cm from the skin It was fieed 
around its edges, especially posteriorly and lateially, until one could feel the promontory 
of the sacrum with the index finger After this proceduie, traction failed to bring the 



Fig I — Midline section shoA\ mg level of rectal pouch and position of sphincter 

muscles 

pouch down to the level of the perianal skin We had anticipated this with such a high- 
lying blind rectal pouch, and the skin incisions had been made accordingly 

The apex of the rectal pouch was next opened and the meconium allowed to escape 
The operative field was flushed out with peroxide and saline, and the apex of each skin 
flap sewn to its adjacent rectal \\all (Fig 5) Silk sutures were used, which included 
the entire thickness of the bowel wall They were left long and hung out through the 
newly created anorectal canal Upon release of traction, the rectal pouch ascended and 
drew the skin flaps upward with it (Fig 5) 

The intestinal tract thus created had, therefore, an opening through the sphincter, 
and there was some degree of continuity between the edges of the skin and mucosa A 
No 18F catheter was left m place at the conclusion of the operation 

Subsequent Cowse — The postoperative course was uneventful, and by the twenty- 
fifth day the canal would admit a No 28F catheter The scar tissue was firm, however, 
as it IS usually three to four months before such canals become soft and pliable Unfor- 
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tunately the child developed an intractable diarrhea during the last five days of life and 
expired 33 days after birth 

Autopsy weie no general findings other than dehydration and signs of rapid 
cachexia There were no associated congenital anomalies Examination of the colon 
revealed it to be of normal caliber throughout There were no areas of stenosis, bands 
adhesions, or dilatations The rectal pouch ended just below the level of the reflection 
of the peritoneum and the anorectal canal was patent, and admitted a No 28 F catheter 



Fig 2 — (i) Appeannee of perineum before opeiation (2) Line of incision (3) Dissection of 
skin flaps (4) Blunt dissection of sphincter (5) Creation of intrasphinctenc tunnel 

The skin flaps had remained in situ in three places, and epithelization between the flaps 
had occurred The area where the one flap had become detached was a smooth fibrous 
area which, no doubt, would have epithelized later 

Pathologic Examination — Gioss The entire gross specimen was sectioned by Col 
Eugene Whitmore of the Department of Pathology at Georgetown University Medical 
School, to whom I am indebted for the sections which showed 

(t) There was continuity between skin and mucosa 111 over seven-eightlis of the 
circumference of the newly constructed anorectal canal 
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(2) The fibrous tissue incident to the amount of work done was of a moderate 
amount 

(3) The sphincter muscles were in their normal position at the anal orifice and 
appeared to be of normal size and histologic structure 




L 


Fig 5 — Rectum mobilized nnd brought doun as far as possible 
Suture of skin flap to lower edge of rectum Insert shows appear 
ance from below 


Discussion — In discussing this case in particulai, it is seen that here we had 
a congenital defect that would fall into Type III of Ladd and Gross “ It is 
felt that these authois have advanced the most lecent acceptable method of 
classification, as far as it pei tains to tieatment In this group, the rectal 
pouch may end a variable distance from the anus If it is low and can be 
mobilized by dissecting upwaid along its posteiioi and lateral margins, it may 
be brought down and sewn directly to perianal skin Continuity of skin and 
mucosa is established and the formation of a fibromuscular canal lined with 
mucosa is assured This is important, as failuie to establish continuity of 
epithelial surfaces tends to fibious tissue contracture and stricture formation 
Recuirent stiictuie, requiimg long and continued periods of dilation, occurs m 
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cases in which an unlmed fibious tissue canal has been formed However, if 
the lectal pouch is high, oi it cannot he mobilized and hi ought down to skin 
by a peiineal appioach, it is usually necessary to peifoim a colostomy In 
Ladd's senes of 117 cases of Type III abnoimality, 99 had peiineal operations 
attempted Of these, 85 (86 per cent) were successful The remamdei 
necessitated the foiniation of a colostomy Abdominal operation and colostomy 
has, in the past, been the procedure of choice when the lectal pouch was too 
high to be bi ought down after a peiineal approach The mortality of an 
abdominal operation that follows a perineal opeiation has been close to 100 per 
cent These infants usually cannot stand two opeiations, le, peiineal and 
abdominal 

This type of case is one m which colostomy alone, or unsuccessful peiineal 
operation followed by colostomy, has usually been done If the child lived with 
a functioning colostomy, the anoiectal abnormality remained uncured unless 
collected at some later date 

The authoi apologizes for repoiting only one case treated as outlined 
However, this is a pielimmaiy lepoit on a senes of cases treated by vaiious 
procedures In a field where no single individual’s experience is great, it is 
felt that the operative technic piesented, even if slightly modified, may be 
of some value This should be paiticulaily true m cases where the rectal 
pouch cannot be brought down to skin level 

SUMMARY 

A single case of congenital absence of the anus and lower rectum is 
reported The value of pi eoperative roentgenologic studies, to locate the level 
of the rectal pouch, is illustiated by this case Fuitheimoie, it is felt that while 
positive roentgenologic findings may be conclusive as to the level of the rectal 
pouch, negative findings should call for repeated studies 

A new technic of operative procedure is piesented, which appears to 111- 
ciease the scope of peiineal appioach 

The structuial utility of the operation is confiimed by the autopsy findings 
It IS hoped that the method may be of some value to others confronted with 
the choice between colostomy and perineal operation 
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CHRONIC HYPERTENSION PRODUCED BY CAROTID SINUS 
AND AORTIC-DEPRESSOR NERVE SECTION S' 

Stanley J G Noavak, M D 
Boston, M\ss 

FROM THL SURCICAI RFSF VRCH T \IJORATOR\ OF Till BOSTON CIT^ IIOSPITAl, ROSTOV, AI \SS 

Hering’s DEMONSi ration^ of acute hypei tension in various animals, es- 
pecially the rabbit, after bilateial section of the carotid sinus and aortic-de- 
pressoi nerves, was followed by bis inquiry into the possibility of producing 
chronic hypertension by the same means The lesults of his investigation 
weie only paitially successful His pupils, Koch and Mies,- in 1929, em- 
ploying rabbits, with a slight vaiiation m technic, repoited more substantial 
hypei tensive results, langmg fiom 125 to 178 Mm of mercury over a period 
of months (maximum of 511 days) In 1931, Koch^ observed the pioduction 
of chiomc hypei tension of seveial months’ duration by similai means in dogs 
In the same yeai, Heymans and Bouckaerf* iDubhshed their fiist senes of 
studies on chiomc hypertension in dogs, repoitmg values as high as 250 Mm 
of meicury In 1933, Kiemer, Wiight and Scaiff^ confiimed Koch and 
Mies’s obseivations m the lahbit, obseivmg elevations of piessuie between 
120 and 190 Mm of mercury, 80 pei cent of the cases legistered between 
150 and 190 Mm Dautiebande,'’ in 1934, lecoided thiee dogs with pressures 
of 190 to 220 Mm of meicuiy, in his studies on the phai macologic and chem- 
ical properties of the carotid sinus neive 

A leconsideration of Koch’s earhei work led him and his co-woikei, Mat- 
tonet'^ to recant his oiigmal claims of chronic duration of the hypei tension ob- 
tained by caiotid sinus and aoitic-depiessQi deneivation Gieen, DeGroat 
and McDonald® also repoited essentially negative lesults aftei section of these 
affeient pathways 

The wiitei began this investigation, m 1934, on dogs, lesoiting to the 
Heimg technic as modified by Heymans f 

Method — Twenty dogs weie studied Ethei or intraA^enous nembutal 
(05 cc of 6 pel cent solution [Abbott] per kilo) weie used for anesthesia 
In 13 of these dogs bilateral deneivation was accomplished in one stage ac- 
cording to the Heimg-Heymans technic This consisted of excising both 
common caiotid bifurcations with the intervening plexus constituting the ca- 
rotid sinus neive and by lesectmg one to two centimeters of the aortic- 
depressor neive in the vagal sheath (Fig i) In one dog, the effect of uni- 
lateral excision of the caiotid bifurcation and aoitic-depiessor neive was 
studied 

* Aided in part by a grant from the Permanent Charity Fund of Harvard Medical 
School Submitted for publication January 10, 1939 

t This technic and the results of Heymans’ investigation, were personally observed, 
in his laboratory in Ghent, by the author over a period of a year 

102 



\ olumc 111 
Is umber 1 


CHRONIC HYPERTENSION 


In thiee clogs, “pure deneivation” was attempted by leaving the carotid 
bifurcation intact, i esecting the cai otid sinus plexus n ith careful i einoval of all 
macioscopic evidence of neive stiuctures including the adventitia in this re- 
gion, and by excision of the aoitic-depiessoi nerve in the neck as described 
aljove 

Damage to the internal caiotid aiteiy duiing this pioceduie, in one dog, 
necessitated excision of the bifui cation after pure denervation of the othei 
side This dog developed hypei tension and was grouped with the fiist senes 
The anemic eftect of excising the caiotid bifui cations and leaving the aoitic- 



i iG I — The He**mg HeMU'ins method for carotid sinus exclusion and aortic depressor 

ner\e section 


depiessoi neives intact was studied in one dog It was fuither investigated by 
ligating the external and mteiiial caiotid aiteries in two dogs This piocedure 
left the caiotid sinus neive plexus undistuibed 

Identification of the aortic-depi essor neive is unquestionably the most 
difficult pait of the denervation In some cases it stands out as a definite, 
fine white stiand at the level of the caiotid bifui cation lying within the vagal 
sheath m the gioove between the ceivical sympathetic trunk medially and the 
lagus trunk lateially (Fig i) In doubtful cases, Kieidman's'’ method of 
identification of the neive is veiy helpful He obseived that the nerve is 
foimed by two oi thiee fine strands at the junction of the superior laryngeal 
and vagus neives which unite into a single stiand and which continues its 
peiipheial couise as desciibed above 

In seveial doubtful cases, stimulation of the cianial end of one of these 
stiands was employed to obsene cardiac slowing or hypotension but this test 
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could not be relied upon consistently Its chief value lay in identifying the 
ceivical sympathetic trunk which responds to stimulation by marked ipsi- 
lateral exophthalmos 

Blood pressuie readings were accomplished by direct arterial punctuie 
with a No 19 01 20-gauge, intiavenous needle with appiopriate manometric 
connections for kymogiaphic recording, 25 per cent magnesium sulphate being 
used as anticoagulant The dogs were immobilized on their backs on an ani- 
mal board and weie obseived for any unusual excitement during the process 
of blood pressure registiation In seveial cases the possible exciting effect of 
this procedure was studied by lecordmg the heart rate by means of a modified 
Boas cardiotachometer before and during the blood pressure registration 
Pressures weie taken at about foitnightly inteivals One control blood pres- 
sure was usually taken, although in several dogs two to four readings were 
obtained when the initial pi essure appeared unusually high The dog’s diet 
consisted of cooked meat, milk, biead and water The animals were kept m 
cages and weie exercised only by being allowed to run about the room once 
a day for a short time 

Results — Conhol Blood Pi essin e and Heait Rates m Dogs In this 
senes of dogs the predenervation blood pressures obtained by diiect femoral 
aiteiial punctuie vaned from 100 to 162, averaging 130 Mm of mercury 
The heart rates ranged from 92 to 170, averaging 124 

Ejfecf Upon the Heait Rate of Dvect Punctuie of the Fenwial Aiteiy foi 
Blood Pi essui e Detei nnnatwn The 1 espouse of the heart rate to this proce- 
dure was used as an index of a possible exciting effect and consequently false 
hypei tensive registration In Dog 23, foi example, the control heart rate as 
lecorded by the Boas cardiotachometei was 115 per minute Insertion of the 
needle into the artery caused absolutely no change m the heait rate Avhile the 
blood pressure reading was 214 Mm of mercury 

Ciiteiia foi Hypei tension While gi eater significance should be attached 
to lelative changes in blood pressure, certain criteria are obviously necessaiy 
for gauging the results as a whole On the basis of an average blood pressure 
of 130 Mm of meicury, it was decided to establish 180 Mm as a minimum 
hypei tensive requisite The requiied minimal duiation was taken as six 
months One dog (No 15) was included with a hypertensive period of foui 
and one-quaitei months, however, because death occuired under an anesthetic 
prior to splanchnic section, after a consistently maintained average arterial 
tension of 213 Mm of mercuiy 

Effect of Bdateial Caiotid Btfui cation Excision and A01 tic-Depi essoi 
Neivc Resection on Blood Pi essui e (Hei ing-Heynians Technic) Of the 13 
dogs denervated by this method, seven developed definite chronic hyperten- 
sion (Chart I and Table I) Four dogs showed only transient or no hyper- 
tension, and two died within four days aftei denervation 

* Since submission of this article for publication three more dogs with hypertension 
have been added to this series, making a total of 10 chronic hypertensive dogs out of 
16 attempts 
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Maiked elevation of arterial piessure was observed as eaily as two days 
aftei this type of denervation Thus Dog 9, uhose contiol piessuie was 124 
prior to denervation, showed an increase to 184 two days later In Dog 7, 
the piessure rose fiom a contiol level of 158 to 190 on the thud day In 
geneial, the blood piessure became definitely elevated within two to three 
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Ch\rt 1 —Blood pressures m dogs with chronic hipertension produced by carotid 
sinus and aortic depressor dener\ation (Details of sjmpathetic procedures will aonear 
III a subsequent communication ) Blood pressures brought up to date to show longes itj 
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Table I 

SUMMARY or BLOOD PRESSURES AND HEART RATES IN DOGS WITH CHRONIC HYPERTExVSION 
PRODUCED BY CAROTID SINUS AND AORTIC-DEPRESSOR DENERVATION 

Per 

Cent 

No BP 

B P Readings Duration 






Maximum 

Minimum 

Deter- 

over 



of Hyper- 

Dog 


Control 

B P Corre 

B P Corre- 

mina- 

180 

Final B P 

tension in 

No 

SsK 

B P 

and HR 

spondmg H R 

sponding H R 

tions 

Mm 

and H R 

Months 

7 

M 

B P 

158 M n 

B P 

244 Mti 

B P 

156 Mm 

52 

67 

BP 

240 Mm 

38 — Opera 



HR 

155 

HR 

174 

HR 

ISO 



HR 

96 

tive proce- 
dure fatal 

9 

P 

BP 

124 Mm 

B P 

234 Mm 

B P 

140 Mm 

50 

60 

BP 

190 Mm 

39— Li\ing* 



HR 

140 

HR 

228 

HR 

150 



HR 

192 

1 1 

M 

B P 

128 Mm 

B P 

226 Mm 

B P 

112 Mm 

S3 

74 

BP 

202 Mm 

36 — -Died 



HR 

170 

HR 

222 

HR 

136 



HR 

146 

spontane 

ously 

12 

F 

B P 

140 Mm 

B P 

222 Mm 

B P 

1 14 Mm 

JI 

55 

BP 

146 Mm 

10 — Sacn 



HR 

iro 

HR 

00 

HR 

180 



HR 

132 

ficed at 13 
months Con- 
dition poor 

B P low 

14 

M 

B P 

162 Mm 

B P 

245 Mm 

B P 

154 Mm 

38 

68 

B P 

202 Mm 

30K— Op 



HR 

136 

HR 

156 

HR 

138 



HR 

ISO 

erative pro 
cedure fatal 

IS 

M 

B P 

130 Mm 

B P 

244 Mm 

B P 

197 Mm 

7 

100 

B P 

204 Mm 

4H — Died of 



HR 

96 

HR 

216 

HR 

186 



HR 

186 

anesthesia 

23 

U 

BP 

120 Mm 

B P 

212 Mm 

B P 

142 Mm 

26 

54 

B P 

190 Mm 

13^ — Op 



HR 

94 

HR 

77 

HR 

83 



HR 

96 

erative pro 


cedure fatal 


* Died at 4Sj/n months after operative procedure uith final blood pressure of ib6 Mm Hg 


weeks aftei denervation Tliese findings are in agreement with those oh- 
seived in the ralibit by Kremei, Wiight and Scarff ^ The inaxinuiin reading 
obtained was 245 Mm of mercury m Dog 14 

Effect of Unilafoal Caiotid Bifw cation Excision and Aoi tic-Depi cssoi 
Ncive Resection on the Blood Piessmc Umlateial (left) excision of the caio- 
tid bifurcation and depressoi neive m the neck m one dog resulted in hypei- 
tension (210-190 Mm of mercury) of seven and one-half months’ duration, 
with return to about normal after this inteival 

Ehictuation'; of Blood Piessitic and Knozvn Factois Associated xvitli Such 
Fluctuations Fluctuations in arterial tension were obseived in the rabbit by 
Koch and Mies, and by Kremei, Wright and Scarff, and also in the dog by 
Heymans and Bouckaert In Dogs ii and 15, the blood pressure readings 
showed practically no fluctuations (Chait i and Table I) Known factors as- 
sociated with fluctuations may be stated as follows 

(a) Regenei ation 01 Incomplete Deneivation In two dogs, which failed 
to develop definite chronic hypertension after the Hering-Heymans operation, 
experiments ueie carried out to examine evidence of the aortic-depressor 
nerves due to regeneration or incomplete removal The possible presence of 
the aortic-depressor nerves was detei mined by section of the vagi, below the 
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legion of resection and by cephalad faradic stimulation at this point In one 
of these dogs (No 19), bilateial vagotomy caused the blood pressure to rise 
tempoiaiily from 150 to 216 Mm of mercuiy, m another dog (No 16), theie 
was a slight use fiom 114 to 140 Mm In the lattei dog there was evidence 
of a depressoi reaction (118 to 74 Mm) upon faiadic stimulation of the 
left vagus 

(b) Debility and Loss of Weight Dog 12 began to lose weight fiom 
severe cachexia 10 months after deneivation During the ensuing thiee 
months the blood piessure diopped to 146 aftei a peisistent level of 182 to 
222 Mm of meicuiy Recoveiy seemed unlikely and the dog was sacrificed 

Dog 7 also became cachectic 14 months after deneivation with a drop to 
noimal ovei a period of six months, after which, however, the blood pressure 
lose concomitantly with clinical improvement 

(c) Picgmncy Dog 9 became pregnant 29 months after denervation 
Prior to this time the blood pressure curve was quite variable with an upwaid 
tiend befoie pregnancy so that the effect of the latter was difficult to evaluate 
The blood piessuie, however, lose further from 186 to 196 and diopped 
abiuptly to 160, 10 days before teimmation of pregnancy (Chait i) This 
part of the blood pressure 1 eadings can in fact, be duplicated in other sections 
of the curve wheie spontaneous elevations and depressions weie even more 
marked The significant feature iiotild appeal to be absence of a sti iking 
hypei tensive effect of pregnancy 

Diiiatwn of Hypei tension The shoitest duration in this hypertensive 
senes was foui and one-quarter months (Dog No 15), death occuiring acci- 
dentally under anesthesia piior to an operative proceduie The longest sur- 
vival was 111 Dog 9, with a hypertensive duration of three years and three 
months (This dog is still alive aftei unilateral thoi aco-abdommal sympa- 
thectomy with a final blood piessure of 200 Mm of mercuiy, four years after 
deneivation ) 

Heart Rate In general, denervation was followed by a marked and sus- 
tained augmentation of the heart rate In pi actically all the dogs the accelera- 
tion varied almost directly with the blood pressuie (Table I) In four dogs 
(Nos 9, II, 12 and 15) the maximum blood pressure readings showed cor- 
respondingly maximum heart rates In three dogs (Nos 7, 14 and 23) this 
relationship did not hold 

Dog 9 illustrates the parallelism with a maximum blood pressure of 234 
Mm of mercury and coriespondiiig maximum lieait late of 228 per minute 
(Chart 2) Dog 7 shows the dissociation of these two factors with a blood 
pressure of 220 Mm of mercuiy and heart rate of 130 per minute (Chart 2) 

That adienal secretion plays a definite role in the tachycardia in some of 
these animals, and a contributory role m others, was shown by diminution 
m the heart rate after bilateial adrenal inactivation or unilateral removal and 
contialateral inactivation These findings will be discussed m detail in a 
subsequent communication 

Blood Counts, Cell Volume, Blood Gases, Blood and Uiine Chemistry 
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Blood counts, cell volume, oxygen and carbon dioxide content and capacity 
of the blood were within noimal limits Examination of carbohydrate, pro- 
tein, fat, chloride and calcium content of the blood revealed no deviation from 
the normal Uranalysis was also not remarkable except for a slight amount 
of sugar and moderate albumen 

Effect of Denovation of the Caiotid Sums Leaving the Bif location and 

Blanches Intact with Excision of the Aoitic-Depiessoi Netve ni the Neck 

“Pwe Deno-vahon" This procedure was employed in three dogs, all of which 
failed to develop definite hypertension Thus Dog i6, the control pressure of 
which was 117 Mm of mercury, showed an increase of tension to 162 m two 
Months 

O 3 a 15 . 18 23 ^’8 33 38 43 



Chart 2 — Blood pressures and corresponding heart rates m dogs with chrome hyper 
tension produced by carotid sinus and aortic depressor denervation 

weeks followed by a drop to the contiol level and a later return to 154 of 
mercury two months after denervation It is of interest that subsequent bi- 
lateral excision of the carotid bifurcations also failed to induce hypertension 
Dog 17, starting with a blood piessure of 146 Mm of mercury, responded 
to pure denervation by a gradual rise to 172, four months after denervation, 
but returned to 143 Mm eight months after denervation 

Dog 18 showed a rise from a control pressure of 144 Mm of mercury to 
166, three days after denervation and a decline to 154 

month Excision of both carotid bifui cations subsequently failed to produce 
hypertension 

Eff^ect upon Blood Piessure of Eacisioh of the Caiotid Bifm cation and of 
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Ligation of the Branches of the Carotid Bifurcation In Dog 19, the control 
blood pressure of winch was 116 Mm of mercury, the carotid bifurcations 
were excised m one stage The maximum piessuie obseived after this pro- 
ceduie was 146 Mm of meicury six weeks later Seven and one-half months 
later it was 108 Mm of meicury It is of inteiest that bilateial depiessor 
neive section at this time also failed to pioduce hypertension The highest 
pressuie recoided was 144 Mm of mercuiy, six weeks after this section 

In two dogs, the blanches of the carotid bifui cation weie ligated The 
lesults m these dogs were as follows In Dog 20 the blood piessuie lose 
sharply from a control level of 150 to 197 Mm of mercuiy 111 the first week, 
after which it showed vaiiations and a giadual letuin to 158 Mm of mercuiy 
m four months Dog 29 showed a rise fiom a contiol piessure of 142 to 179 
Mm of mercury, this level has been maintained to date over a peiiod of thiee 
and one-half months Thus the anemic effect of exclusion of the carotid bi- 
furcation 01 its blanches with respect to the blood pressuie 1 espouse is a 
variable one When the effect is hypertensive it was not permanent except in 
one dog which was only lecently operated upon 

Discussion — ^The recantation of Koch,'^ and the negative results of Green, 
DeGroat and McDonald^ have raised serious doubts as to the accuracy of the 
findings of the woikeis who have lepoited chronic hypertension by carotid 
sinus and aoi tic-depressor deneivation 

Examination of Koch and Mattonet’s’'' results on four dogs, all of which 
failed to maintain their oiiginal hypertension, shows that atGeast two mani- 
fested evidence of depressor neive activity by a use m pressure (125 to 185 
Min ) after bilateral vagotomy m the terminal experiment The other two 
dogs showed slight rises in pressure aftei the same proceduie In the face 
of these indications of incomplete denervation or regeneration, their woik 
cannot be considered conclusive 

The possibility of incomplete deneivation or legeneiation might also be 
considered in the technic employed by Gieen, DeGioat and McDonald® In 
order to assuie complete chionic denervation of the carotid sinus nerve, ex- 
cision of either arteiial blanch of the caiotid bifurcation or the bifurcation 
Itself has been practiced by most woikers The technic of Green and his co- 
workers leaves the bifui cation and its blanches intact Employing a similar 
technic, lefeired to above as “pure denervation,” the writer was unable to 
pioduce definite hypei tension in three dogs, and in this respect is m agree- 
ment with these workers but failure to obtain hypertension was ascribed to 
incomplete denervation Our control experiments on the anemic effect of 
carotid bifurcation excision and of ligation of the branches of the bifurcation, 
although vaiiable, appealed to lule out anemia as a factor in this hypei tension 
It is impossible to sa)^, howevei, whethei this degree of anemia might not 
sensitize the effect of carotid sinus and aortic-depressor denervation 

On the othei hand, terminal studies carried out in two of our four failures, 
opeiated upon by the Henng-Heymans’ technic, showed evidence of 
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clegiee of depiessoi neive i espouse upon stimulating the cianial end of the cut 
vagus neive It cannot be stated that the amount of depressor activity ob- 
seived was sufficient to account foi the lack of hypertension It is conceiv- 
able that othei afferent pathways were operating in these dogs to neutralize 
the hypei tensive effect of the deneivation 

Fluctuations in blood piessure leadings have already been described by 
previous woikeis In three of the seven hypei tensive dogs the fluctuations 
weie maiked, i caching noimal values frequently over a period of weeks As 
discussed in the lesults, inanition was undoubtedly tbe cause of this remis- 
sion 111 two dogs, while in the thud no apparent cause could be found In 
two of these dogs hypertension was reestablished Insistence on a sustained 
high aiteiial tension, although met with in two of oui dogs, is an exacting de- 
mand in the light of clinical hypei tensive experience 

The absence of abnoimal chemical changes m the blood carbohydi ate, pio- 
tein, fat, chloiide, calcium, oxygen and carbon dioxide argues against the 
possibility of chemohumoial basis foi the hypei tension pioduced by this 
method The lack of disturbance in the cell volume lules out blood viscosity 
as a factoi On the othei hand the investigations of Hering,’^ Koch and 
Mies," Heymans and Bouckaeit,^^ and Nowak^- show that the hypertension 
lesulting fiom caiotid sinus and aoitic-depiessoi denervation is chiefly neuro- 
consti ictive 


SUMMARY- 

(]) Chionic hypei tension was pioduced in ten dogs by caiotid bifui ca- 
tion excision and ceivical aoitic-depiessor nerve lesection 

(2) The maximum duiation of hypei tension was thiee yeais and foui 
months 

(3) Fluctuations in aiteiial tension weie obseived in the majority of these 
dogs Inanition was definitely responsible foi maiked i emission of hyperten- 
sion in two dogs 

(4) Failure to pioduce chronic hypertension by this method occurred in 
foiii dogs In two of these animals, in which teimmal experiments were ear- 
ned out, theie was evidence of some degree of aoi tic-depressor nerve activity 

(5) The anemic effect of excising the carotid bifui cations are discussed 

(6) “Puie denervation,” preserving the vessels of the caiotid bifurcation, 
failed to pi oduce lasting hypertension m tin ee dogs 

(7) Unilateial (left) denervation produced hypei tension in one dog of 
seven and one-half months’ duration, with final leturn to noimal level 

(8) Pregnancy did not alter appieciably the course of hypertension in 
one dog 

(9) Persistent tachycardia was a common finding after denervation Its 
degree varied dnectly with the blood piessure readings in most instances 
Maximum blood piessuie readings were correlated with maximum heart lates 
ui about one-half the cases 
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(10) There weie no changes in the blood carbohydrates, pioteins, fats, 
chlorides, calcium, oxygen, caibon dioxide, cell volume and led cell counts 

( 1 1 ) Ui malyses v ere also essentially noi mal 
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CASE REPOBT 

Eld BN C Baumgarten, M D , 

AND 

Meyer O Cantor, M D 
Detroit, Mich 

We have been accustomed to think of tumors as being eithei malignant or 
benign, the chief points of diffei entiation being based upon the question of the 
spread of the tiimoi thiough distant metastases oi by the extension to con- 
tiguous structuies This differentiation, obviously is based upon anatomic 
consideiations From this point of view, one would be forced to consider the 
pbeochi omocy tomata benign tumors Interestingly enough, several very re- 
cent text-books desciibe this tumor type as “a raie tumor which is innocent, 
small, well encapsulated, and may be found by accident at autopsy in elderly 
pel sons ” 

An inci easing number of case reports within the last few years have dem- 
onstrated, conclusively, that this tumoi type is not the “innocent” tumor it 
was thought to be The hypertension which many wi iters have described as 
being an incidental finding in such cases has been pi oven to be due to the 
tumor These pheochromocytomata chaiactenstically produce attacks of ele- 
vated blood pressure, paioxysmal m nature The paioxysmal hypertension 
acting over a peiiod of time lesults m the arteriolar sclerosis which ultimately 
results m death to the patient 

Foi this reason we prefei to consider this type of tumor as benign ana- 
tomically but malignant physiologically It is the ph3’’siologic activity of this 
tumor that is malignant and not its anatomic consideration Being composed 
of adrenal medullary tissue, the attacks of paroxysmal hypertension are gen- 
eiall}'- conceded as being due to the tempoiaiily increased output of epineph- 
rine The symptoms associated with the attacks of hypertension aie those 
commonly found as a result of an overdose of epinephiine, namely, palpita- 
tion, cold clammy extiemities, palloi, nervousness and dizziness Because of 
the infinitesimally small amount of epinephrine noimall) found in the ciicu- 
latmg blood (i to 1 00,000,000 it is apparent that attempts to measure this 
increase have been unsuccessful Kalk- has demonstrated, however, 375 nig 
to 500 mg of epinephrine in a tumor of this type, whereas the normal adrenal 
IS said to contain only 4 22 mg of epinephrine 

Fioni what has been said, it becomes apparent that many of the cases of the 
so-called “essential hypertension,” which in the eaily stages are described as 
having paioxysmal elevations of blood pressure, may very likely be due to 

Submitted for publication June 6, 1938 
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chromaffinomata Ceitainly, it is the duty of the suigeon to investigate this 
carefully in the 20- to ^^oup, with a view to recognizing cases of 

this type of tumor and leinoving them before iriepaiable damage is done to 
the cardiovasculat S3'’stem as a result of the hypei tension It is in this age 


Chart i 



gioiip that the lesnlts of surgery are indeed brilliant Coller® reports the case 
of a male, age 25, vith the pathognomonic fluctuations of blood pressure, in 
whom the classic tumoi uas found at operation A complete cure resulted, 
and a noimal future was substituted foi one of impending death due to dam- 
aged vessels m the heart, kidneys or brain The opposite side of the pictuie 
IS presented m our case report which shous the end-results of this type of 
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tumol, which was peimitted to remain until the caicliovasculai system was so 
extensively damaged that a cm e was impossible 

Case Report — H P , white, adult male, was first seen by one of us (E C B ) July 
9, 1928 At this time he complained of tiredness and headaches These had been rather 
troublesome during the past three years, but not to such a degree as to interfere with 
his work With these attacks of headache he would complain of dizziness, cold sensa- 
tions, “goose-flesh,” and nervousness There was no nausea or vomiting associated with 
the headaches which ivere diffuse over the entire cranium No blurring of vision or 
spots before eyes No ataxia His appetite was good 



Tig I — Drawing shou ing the position of the Tdrenal medullary tumor 
springing from the loose tissue ovei the convex border of the right hj drone 
phrotic Ividnej It was not attached to the kidney directlj 

Physical Examination — The only deviation from the normal was a sjstohc blood 
pressure of 160 and a diastolic of 100 Mm of mercury His urine on this occasion \vas 
negative for albumin and signs of kidney damage Kahn test was negative 

He was advised to return to the office at monthly intervals for a check-up of his 
blood pressure During the nevt siv years his blood pressure was found to fluctuate be- 
tween 250 and 130 Mm mercury systolic and 130 to QO Mm mercury diastolic During 
the periods of high blood pressure he would complain of nervousness, coldness, and dizzi- 
ness In the intervals between attacks his blood pressure would range from 130 to 145 
Mm mercury systolic and 80 to 90 Mm mercury diastolic The most interesting fea- 
ture of these attacks was the suddenness of onset and the marked fluctuations during the 
interval of 90 minutes On many such occasions we would leave the sphygmomanometer 
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cuff on his arm and take blood pressure readings at five-minute intervals We would 
then find the blood pressuie to rise from 145/90 to 250/130 manj’’ times during an hour’s 
time (Chart i) 

The patient continued then, from 1928 to 1937, with these periodic attacks of 
paroxysmal hypertension and the associated dizziness, nervousness, and headaches until 
January 3, 1937 On this date, while sitting, he was suddenly seized with a very severe 
pam in the left chest This was so severe that he was unable to move It was sharp 
and shooting m charactei and radiated to the left back and down the left arm It was of 
three minutes’ duration and was accompanied by a marked fear of impending death 
He was admitted to the Evangelical Deaconess Hospital, with a diagnosis of coronary 
occlusion This diagnosis was verified electrocardiographically Death occuired sud- 
denly on his sixth hospital day 




.4 


A 




W * 1^ 

i ^ t C- \ 

- !■ *•»« « ■ -S'* . > 




^ m ^ ^ ^ |iH|^ 










\ 








V 


jV •= 


\ 


/% 

t 


i * • (v * - 




' •' 7- ' 


\ 


'f 

> If -cr V ''-7 ^ 

4 --': i^2m : s 




'"A 

? ^ 


// 




4# 




Fig 2 — Section taken fioni tumor attached to con\e\ bordei of kidnej (X950) 


2-Iiifofisy —The pertinent findings uere Heart enlarged, but not markedly Com- 
plete occlusion of the descending branch of the left coronary artery Necrosis of the 
interventricular septum Coronary sclerosis 

A walnut-sized tumor mass was found attached to the loose areolar tissue over the 
convex, lateral surface of the right kidney about midway between its poles (Fig i) It 
was firm, and derived its blood supply from the areolar tissue it was imbedded m and 
not from the kidne} On section, a soft pale yellowish surface w^as seen 

Microscopic examination of tumor revealed the anastomosing cords of very deep 
staining epithelial cells separated by numerous thin-w'alled sinusoids Many of the cells 
appeal to be multmucleated (Fig 2) PafJio/offic Dmffjwsis— Adrenal medullarj tissue— 
chromaffinoma (Dr P F Morse) 
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Comment — This case presents the typical course taken by a patient with 
a chromaffinoma (pheochromocytoma) Duiiiig its early stages, we find the 
pathognomonic attacks of paioxysinal hypei tension with the associated symp- 
toms of dizziness, palloi, neivousness, and cold clammy extremities, which 
aie geneially conceded as being due to hyperepmephi inemia Then, later in 
life, we find the artei lolar sclei osis which is the result of the unchecked hyper- 
tension In this paiticular individual the small vessel scleiosis showed a 
maiked piedilection foi the coionary aiteiies, with a resultant typical coronary 
occlusion — and death The cardiac, neurologic, and renal consequences of the 
hypei tension ai e the same 111 all types of continued high blood pressure regard- 
less of cause When these changes have become maiked, treatment is hopeless 
The time to attack this pioblem is at the beginning when the paroxysmal at- 
tacks of high blood pressuie fiist make then appeal ance It is these attacks 
that aie pathognomonic of a pheochromocytoma 

It IS impoitant to remembei that since the tumoi may appear on the right 
01 left side, consequently, if at opeiation over the right adienal no tumoi is 
found, the left adi enal ai ea should then be explored 

CONCLUSIONS 

(1) This case piesented the typical pictuie of a pheochromocytoma which 
was pel mitted to 1 un its com se without interference 

(2) This course is Paroxysmal attacks of hypertension, then, as a lesult 
of the continued high blood pressuie, the caidiac, neuiologic, 01 renal conse- 
quences become manifest due to the small vessel scleiosis The typical cor- 
onary occlusion was the mode of exodus 111 this case 

(3) Diagnosis may be made solel}'- upon the pathognomonic attacks of the 
paroxysmal Itypei tension 
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A MODIFIED FORM OF LUMBAR SYMPATHECTOMY FOR 
DENERVATING THE BLOOD VESSELS OF THE LEG AND FOOT, 

ANATOMIC CONSIDERATIONS 

A PRELIMINARY REPORT 

Lawrence N Atlas, MD 

Cleveland, Ohio 

FROM THE PERIPHERAL \ ASCULAH CLINIC, DEPARTMENT OF SURGERA, CLE^ El AND Cm HOSPITVL AND FROM THE DF- 
PARTMENTS OP SERGERA AND ANATOAQ, SCHOOL OF MEDICINE, WESTERN RESER^ E TJNnERSITA, CLE\ ELAND, OHIO 

J C W HiTE^’ “ has recently propounded the hypothesis that the thera- 
peutic value, in cases o£ aiteiial disease of the lower extremity, of removing 
the second, third, and fourth lumbai ganglia depends to a gieat extent on 
leaving the sacial ganglia intact Ascioft’s^ MOik lends weight to this hy- 
pothesis By removing the sacial ganglia, he has been able to destioy the 
beneficial effects of a pieviously satisfactoiy lumbai ^ sympathectomy This 
work was cairied out on monkeys By viitue of leaving the sacial ganglia 
undisturbed, a piedominantly pieganghomc deneivation of the blood vessels 
of the foot IS obtained In this manner, the sensitization of aiteiiolar mus- 
culature to circulating adienahne which follows destiuction of its postgang- 
lionic innervatioiV’ is avoided, and the deneivated aiterioles in the 

foot remain dilated It occuired to me that lemovmg the lumbar ganglia 
might be an entiiely superfluous procedure, and that it might be possible to 
achieve the desired theiapeutic result, m pioperly selected cases, by meiely 
sectioning the lumbar sympathetic tiuiik at an appiopiiate level 

Figure I indicates diagiammatically the way in which the sympathetic vas- 
omotor and sudomotor fibei s ai e supposed to i each the lumbosaci al plexus,^’ 
within the branches of which they are distributed to the blood vessels and 
sweat glands, lespectively, of the lowei extremity jj-jg diagram and its 
legend aie self-explanatoi}’- Howevei, there aie seveial points to which I 
should like to diaw paiticular attention 

( 1 ) Thei e are foui lumbar ganglia and not five 

(2) This reduction m number is theoretically brought about by the fusion 
of the ganglia sending gray lami to the fouith and fifth lumbar spinal 
nerves 

(3) Interruption of the tiuiik between the third and fourth lumbar gang- 
lia, as indicated at (a) in Figiiie i, should theoretically destroy all 
pieganghomc neurones foimmg synapses with postganglionic neu- 
lones to spinal iienes L 4, 5> S I, 2, and 3 In this manner, the 
blood vessels and sweat glands leceumg their postganglionic s}un- 
pathetic inneivation thiough these spinal neives would be dener- 
vated , and the denervation would be entirely preganglionic 

Submitted for publication February 18, 1939 

117 





LA^VREfNCE N ATLAS AnnalsofSurgeo 

January 1940 

The blood vessels thus deneivated would be the popliteal aiteiy and its 
branches thiough the sciatic neive, and the cutaneous vessels of the foot and 
leg thiough L 4, 5 , S I, 2 It was felt that since the extent of such a dener- 
vation would be quite adequate foi the treatment of a large 
number of cases of ai tei lal disease involving the lower ex- 
tremity, a lumbar sympathectomy modified in this manner 
would be of value foi two i easons 

(1) It should be extiemely simple and easy to peifoim, 
thus widening the field of application of Itimbai 
sympathectomy in the tieatment of peripheral 
aiteiial disease 

( 2 ) By leaving the lumbai ganglia in situ, as much of 
the sympathetic inneivation of the lower bowel, 
bladdei, and lepioductive appaiatus as can possibly 
be saved a\i11 be pieseived This is an impoitant 
consideiation since bilateial lumbar ganglionectomy 
peifoimed in men may pioduce sterility 

Accoidingly, it was decided to attempt such a denerva- 
tion in the following case, by dividing the lumbai sympa- 
thetic ti link at the upper pole of the foui th lumbai ganglion, 
treating the divided ends to prevent regenei ation, and leav- 
ing the ganglia themselves undistuibed 



C Preganglionic 
neurones from 1 1 1 

12, L I, 2 and 3 car 
rjing Msomotor and 
sudomotor imnulses 
and form sj napses 
witli G R C Post 
ganglionic neurones 
which ire disti ihuted 
to blood \essels of 
lower extremity \ia L 
I, 2, 3 4 5 S 1 2 

and 3 Sp N Spinal 
ner\es Rami Rami 
conimunicantes 
Gang Sympathetic 
ganglionated trunk 
T Thoracic, L 
Lumbar, S Sacral 
(a) Shows point at 
which trunk was di 
vided m fiist opera 
tion, see text and 
Figuie 2 (Based on 
information drawn 
from White 1 and 
Gask and Ross H and 
Potts 12) 


Case Report — Hosp No 1861 18 A C , white female, age 31, 
was lefened to the Peripheral Vascular Clinic of the Cleveland 
City Hospital from tlie Lowman Pavilion, where she is being 
treated for pulmonary tuberculosis Fourteen years previously, her 
fingei s started to turn blue and wlnte on exposure to cold or during 
emotional upsets, and she would perspire profusely Seven vears 
later, a severe atropine arthritis developed in her finge s resulting 
m extreme deformity Five vears ago, she noticed that her feet 
would also become cyanotic on exposure to cold or during emo- 
tional upsets, accompanied b}’' increased perspiration Recently, an 
atrophic type of arthritis had started to involve her toes 

Physical Examination — The patient was very apprehensive 
and nervous Her hands and feet weie markedly cvanotic, covered 
with perspiration and cold to the touch Both hands were marked!} 
deformed There was also an early arthritis deformans involving 
several of the toes Pulsation m the dorsalis pedis and posterior 
tibial arteries was palpable Under a spinal anesthetic, and at a 
room temperature of 23° C, skin temperatures, taken from various points on the feet, 
rose from 21 o°'-23 5° to 33 2°-34 2° C In view of the possible connection between the 
obvious vasospasm and the subsequent development of the arthritic process, it was decided 
to abolish the vasospasm in the feet by means of a lumbar sympathectomy, hoping, thereb\, 
to arrest the progression of the joint disease 

Opciaiwn — Through a right-sided, muscle splitting retroperitoneal approach, de- 
scribed by Pearl, the fourth lumbar ganglion was located The sympathetic trunk was 
divided at the upper pole of tlie ganglion, both ends were ligated with silk, and the 
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proximal end buried in the adjacent psoas muscle As anticipated, the operation was 
easilj' and quickly performed 

Subsequent Couise — The next day the patient presented a verj interesting picture 
The right inferior extremity below the knee was hot and dry to the touch with the ex- 
ception of a patch of skin around the internal malleolus which extended down the inner 
border of the foot This patch w’as cold and covered with sweat 

A Nveek later, the left lumbar sj^mpathetic trunk w'as similarly severed at the upper 
pole of the fourth lumbar ganglion The next day, the patient presented the same 
picture as existed on the right except the extent of the undenervated zone w'as even 
more striking and could be easily mapped out (Fig 2) It is seen to embrace the 
cutaneous distribution of the terminal fibers of the saphenous nerve Segmentally, this 
zone IS L 4 

Unable to account for the fact that the 
vasomotor and sudomotoi fibeis distub- 
uted thiough the fouith lumbar neive had 
been left intact, provided the schema as 
poitrayed m Figure i was anatomicall) 
collect, I W'as led to reexamine the inan- 
nei m wdiicli the lumbar ganglia aie con- 
nected w'lth the lumbar spinal neives 

Anatomic Rcseaich — Foi the pui- 
pose of the study, 31 lumbai S3'mpathetic 
tumks w'eie dissected m the Anatomical 
Laboratoiy of Western Reserve Uni- 
versity Since the dissections w'ei e gi oss, 
it IS possible that 111 some instances veiy 
fine rami were not defined How'ever, I am confident that all the major com- 
munications and the important accessoiy ones w'eie found 



Fig 2 — Cross Intching shows extent of 
undener\ated region remaining after dm 
Sion of lumbar s>inpathetic trunk at point 
(a) in Figure i Note similarity to zone of 
distribution of saphenous nerN e in foot 
which IS L 4 segmentall> 




Fig 3 — Two \ariations in topographic 
anatom) of the lumbar sympathetic ganglia 
and then connections with the lumbar spinal 
ner\es (Drawn from original dissections 
m Anatomical Laborator\ of Western Re 
ser\c 'Unuersit\ ) 




Fig 4 — Two \ariations in topographic 
'inatonn of the lumbar s^mpathetlc ganglia 
and their connections with the lumbar spinal 
nerves (Drawn from original dissections 
in Anatomical Laboratorv of Western Re 
sene University ) 
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There weie no instances, save one, in which more than four lumbar ganglia 
weie present In the exception, there weie five, due to a reduplication of the 
ganglion connected with the fourth lumbar neive (Fig 5 b) However, there 
weie many instances in which furthei fusion had reduced the number to 
thiee The nature of these fusions will be discussed in detail below 

The first lumbai neive was constantly connected with the highest lumbar 
ganglion by two major lami (Figs 3b, 4a, and 5a) This ganglion rested on 
the second lumbai veitebra and was occasionally overlapped by the inter- 
mediate Cl us of the diaphiagm Its connections vith the first lumbar nerve 
left the ganglion m a cephalad direction At times it was incompletely fused 
(Fig 3a), 01 comjdetely fused (Fig 4b), with the proximal pole of the 
ganglion just distal to it, namely, that connected with the second and thud 
lumbar nerves 



Tig s — Three \ariations in topographic anatomy of the lum 
bii sj mpathetic ganglia and their connections \\ ith the lumbar 
spinal ner\es (Dra^vn ^rom original dissections in Anatomical 
Laboratory of Western Reserve Uni\ersity ) 

The second and third lumbai nerves had their major connections in eveiy 
instance with a single ganglion (Figs 3, 4, and 5a) The second neive was 
connected by two majoi rami which usually made then exit from the ganglion 
in a cephalad direction The third neive was connected by a single major 
ramus which usually left the ganglion in a caudad direction It was often 
joined by an accessoiy bianch from the ganglion connected with the fourth 
lumbar nerve (Fig 3b) Only once was the third nerve connected by two 
major rami The position of the ganglion was fairly constant It rested at 
the edge of the psoas muscle on the second lumbar intervertebral disk and 
the bodies of the veitebrae (L 2 and 3) adjacent to it It was consistently 
the laigest of all the ganglia The ganglia connected with the first and fourth 
lumbar nerves were at times paitially or completely fused with its upper and 
lower poles, lespectively 

The connections of the fourth lumbar neive weie variable In 16 instances 
it was connected with a distinct ganglion having no inajoi connections with 
an)'- of the othei lumbar nerves (Fig 3a) In one of these instances the 
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ganglion was split (Fig 5b) In 12 instances the fouith nerve was connected 
with a ganglion which was either paitially fused (Figs 3a and 4b), or com- 
pletely fused (Fig 4a), with the lowei pole of the ganglion connected with 
the second and third lumbai nerves In only thiee instances was it fused 
with the ganglion connected with the fifth lumbai nerve (Fig 5^) The con- 
nection with the fourth lumbar nerve consisted of a single major lamus, 
which usually left the ganglion m a caudal direction, and which was on several 
occasions joined by an accessoiy branch from the ganglion connected with 
the fifth lumbar neive (Figs 4b and 5c) Lying at the edge of the psoas 
major muscle, the position of the ganglion was otherwise variable In 12 
instances it was located on the thud lumbar veitebia, 111 14, on the third lumbar 
intervertebral disk, and m five, on the fouith lumbar veitebra When on the 
thud lumbai vertebra, it was paitially or completely fused with the lower 
pole of the ganglion connected with the second and third lumbar nerves in 
eveiy instance save one When on the thud lumbar intei vertebral disk, it 
was sepal ate and distinct m every instance except one When on the fourth 
lumbar veitebia, it was separate and distinct in two instances and fused with 
the ganglion connected with the fifth lumbai neive m three 

The fifth lumbar nerve was connected by a single major ramus to the 
most distal of the lumbar ganglia In 21 instances, this ganglion had no con- 
nection with any other lumbar nerve (Figs 3a and b, 4a and 5b) In seven 
instances, it sent an accessoiy branch cephalad to join the major ramus to the 
fourth lumbar nerve (Figs 4b and 5c) In only three instances weie the 
fifth and fouith lumbar neives connected with the same ganglion (Fig 5a), 
which, in evei)’" instance, was located on the fouith lumbar vertebra at the 
edge of the psoas muscle In one other instance, the ganglion was located on 
the fourth lumbar veitebia, 111 six, on the fouith lumbar intervertebral disk, 
and in 21, on the fifth lumbai veitebia When on the last lumbar vertebia. 
It was often completely ovei lapped by the psoas major muscle, coveied by 
a dense layei of fascia, and m close pioximity to the fifth lumbar neive I am 
convinced that m a laige number of lumbai ganglionectomies, the fourth 
ganglion is nevei seen, and that what is considered to be the last is really the 
third 

One of the lesults of this study is that certain concepts concerning the 
topogiaphic anatomy of the lumbar sympathetic ganglia and their connections 
with the lumbai spinal ner\es must be revised The requisite changes aie 
poitiayed diagiammatically m Figure 6 The diagiam and its legend are 
self-explanatoiy 

In addition, it was evident that seveiing the lumbar sympathetic trunk on 
the body of the thvd lumbar veitebia would accomplish one of two things, 
depending on the anatomic disposition of the ganglia 

(i) If the ganglion connected with the fourth lumbar neive is separate 
and distinct, all the preganglionic fibers to blood vessels innervated 
thiough L 4, 5, S I, 2. and 3 vould be destioyed The point of 
division IS at (a) in Figuie 6 
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(2) If theie IS a fusion of the ganglia connected with L 2, 3, 4, then the 
postganglionic fibeis to blood vessels inneivated through L 4, and 
the preganglionic fibers to the blood vessels innervated through L 5, 
S I, 2, and 3 would be destroyed The point of division is at (b) in 
Figure 6 


Either way, the undenervated area corresponding to the segmental cu- 
taneous innervation fiom L 4, encounteied 111 the leported case, would be 


avoided In addition, it has been my expeiience that exposing the trunk on 


a. ro m 

oj or <i> 



Fig 6 — DiTgrammatic 
schema of connections of the 
lumbar spinal ner\es uith the 
lumbar sympathetic ganglia 
based on dissection of 31 lum 
bar s>mpathetic trunks Note 
changes from Figure i Note 
constant fusion of ganglia 
connected \\ ith L 2 and 3 
to reduce the number of lum 
bar ganglia to four Further 
fusion as described in the 
text may reduce total number 
of lumbar ganglia to three 
Acc Accessory postgan 
ghonic ramus 

Arro^\ s indicate flow of 
vasomotor and sudomotor im 
pulses This flow ma> he in 
terrupted at either (a) or (b) 
bj dividing the trunk on the 
body of the third lumbar ver 
tebra 


the third lumbar vertebra often reveals the accessory 
connection of the tiunk with the third lumbar spinal 
neive These can also be divided giving an abso- 
lutely complete denervation of all the blood vessels 
below the thigh 

The question aiises whethei a lumbai sympathec- 
tomy modified in this manner, that is, by dividing the 
lumbar sympathetic trunk on the body of the third 
lumbai veitebia, dividing its accessory connection 
with the third lumbar spinal neive, and managing the 
divided ends to pi event legeneration, would have an}^ 
appi eciable ad\ antage ovei the usual ganghonectomy 
I believe it will piove to be of value as an alternative 
procedure to be used 

(1) When the risk of producing sexual distuib- 
ances fiom a bilateral denervation must be 
reduced to a mmiinum 

(2) When technical difficulties encountered at 
the tune of operation render exposure of the 
ganglion connected with the second and third 
lumbai spinal neives so difficult as to lender 
an attempt to remove it inadvisable Difficulty 
in exposing this ganglion is not infiequently 
encountered m obese individuals, and in in- 
stances of inadequate relaxation from a poorly 
administered anesthetic Refeience to Figure 
6 will indicate wh}^ the removal of the gan- 
glion connected with the second and third 
lumbar spinal nerves, and only tins ganglion, 
IS necessai}'^ if all the vessels in a lower ex- 
tremity aie to be deneivated In fact, unless 


this ganglion is removed, resection of the more distal ones can accom- 
plish no more than merely division of the trunk on the thud lumbar 


vertebra without disturbing any of the ganglia 
(3) On poor suigical risks or elderly individuals wheie opeiative manipu- 
lation IS to be kept at a minimum 
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(4) When a deneivation limited to the blood vessels of the foot and leg 
will suffice 

Up to the piesent time, I have found occasion to employ this modified 
form of lumbai sympathectomy in 27 instances In every case, the extent 
of the denervation obtained was equal to that anticipated In some of the 
eailiei cases, wheie the accessoiy connection of the trunk v ith the thud lumbar 
spinal neive was ovei looked, only partial deneivation of the cutaneous vessels 



Fig 7 — Illustrates the technic empIo\ed to expose the lumlnr s\mpathetic trunk 
on the bod% of the third lumbar \ertebra tlnough a muscle splitting reti opentoneal 
approach 


111 the uppei half of the leg ivas obtained This was piobably due to an ovei- 
lapping of segmental cutaneous mnenation fiom L 3 A bilateral operation 
111 a male, age 42, did not pi oduce any disturbance of sexual function Some 
of these indniduals have been obseived for over a year, and 111 none has any 
diiiiinution 111 the extent or magnitude of the denervation, which could be 
attiibuted to legeneiation been encounteied 

Opoatwc Tcchnic — The folloiving technic is employed to expose the 
lumbai sympathetic tiuiik on the third lumbar \ertebra A roentgenograni 
IS made befoie the operation 111 order to show the 1 elatioiiship of the crest of 
the ilium the lateial margin of the psoas major muscle, and the third lumbar 
vertebra The muscle splitting i etroperitoneal approach described by Pearl 
IS piefened, using 150 mg of novocain intrathecally as the anesthetic This 
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approach is quickly and easily perfoimed, it is lemarkably fiee fiom shock oi 
postoperative reaction, and gives excellent exposure of the third lumbar vei- 
tebra When the retiopeiitoneal space is opened, the crest of the ilium is 
immediately palpated, at point A in Figuie 7 The reti operitoneal tissues are 
dissected fiom the crest of the ilium until the lateral edge of the psoas major 



Fig 8 — Roentgenogram taken on se\entli postoperative day showing 
silver clips on cut ends of s>mpatlietic trunk Clip opposite fifth lunibai 
vertebra is point at which distal end is buried in psoas muscle Clip on 
third lumbar vertebra is point of division Included in this clip is divided 
accessory ramus to third lumbar nei\e at point where ramus dips backward 
between vertebra and psoas muscle 

muscle IS reached at the point wheie it crosses the crest , at point B m Figure 7 
The lateral edge of this muscle is then exposed in a cephalad direction until 
a point IS reached opposite the uppei border of the third lumbar veitebra, at 
point C in Figuie 7 The magnitude of this cephalad dissection is equal to the 
length of line B-C Further dissection carried medially ovei the psoas muscle 
will now expose that portion of the lumbar sympathetic trunk lying on the 
body of the third lumbai vertebra The trunk and any accessory parallel 
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fibers aie divided between silk ligatures at the uppei limit of the dissection, 
at point D in Figme 7 The distal portion is then dissected off the body of 
the third liimbai veitebia During this stiipping piocess, the accessor)'’ con- 
nection with the thud lumbar neive is usually bioken The distal cut end is 
then bulled in the adjacent psoas muscle, at point E m Figure 7 The retrac- 
tors aie lemoved and the patient is instructed to cough This balloons the 
peritoneum, obliteiating all dead space, and appioximates the split musculai 
layers The incision is closed in the usual niannei By placing silver clips on 
the cut ends of the trunk, it is possible to deteimme by a postoperative roent- 
genogiam at what point the trunk was divided and the point at which the 
distal end was buried m the psoas muscle This is illustiated in Figuie 8 
Note that the distance separating the cut ends is actually much greatei than 
that shown in Figure 7, the latter being purely diagiammatic for purposes of 
illustiatmg technic 
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NEW INCISION FOR CLOSED SPACE INFECTION (FELON) 
INVOLVING DISTAL PHALANX OF FINGER 

Jerome J Weiner, M D 
New York, N Y 

Felons aie among the most common infections of the distal phalanx The 
oidinaiy conception of the pathogenesis of bone felons is Roux’s theory, in 
which he claims that the lymphatic vessels lun perpendicular fiom the skin 
to the peiiosteum, which is lifted off the bone and necrosis of the bone ensues 
Against this assumption is the veiy film attachment of the peiiosteum to the 
bone KanaveP contends that piessuie of the edema oi pus m closed space 
infections shuts off the blood supply to the bone and causes necrosis The 
epiphysis leceives a separate blood supply and is theiefoie, not involved in 
eaily cases 

In reviewing the hteratuie on incisions foi closed space infections, the 
three most commonly employed aie (A) The midline, (B) fish-mouth, and 
(C) lateral hockey-stick Mason,” in his article on infection of the hand, 
makes the following comments lelative to incisions foi felons 

(A) A midline incision foi felon does not divide the peipendicular con- 
nective tissue fibers which attach the skin to the periosteum , the division of 
which is the essential featuie of the operation foi diamage of anteiioi space 
infections (B) A fish-mouth incision, while it piovides efficient drain- 
age, IS followed by a deep fui rowed scai which seriously mterfeies with the 
use of the fingei-tip foi the peiformance of fine acts Koch^ has also observed 
that the fish-mouth incision is unduly long in healing and leaves a painful scar 
ovei the finger-tip, and also an anesthetic aiea distal to the seal, which is an- 
noying to anyone attempting to pei foi m delicate manipulations 

(C) The lateial hockey-stick type of incision fulfills the pin pose of ade- 
quate diamage and does not leave any disabling scars, but does mterfeie 
with tactile sensation 

It IS with these facts in mind that a new incision is presented, which has 
been employed foi closed space infections, which appears to eliminate the 
objectionable features of the othei incisions The five illustrations shown m 
Plate I demonstiate the piocedure 

Opeiahve Pi ocedia c — Ftisf Step Under gas-oxygen anesthesia, the nail 
is detached from the skin, nail-bed and matrix (Plate I, Figs i and 2) 

Second Step An inveited U-shaped incision is made close to the tuft of 
the bone and pait of the shaft of the distal phalanx The perpendicular fibeis 
aie cut close to the bone The pulp is letracted and the closed space is en- 
teied The abscess is found lying just anteiior to the distal phalanx (Plate 
I, Figs 3 and 4) 

Thud Step The mushioom portion of bone is caiefully examined for evi- 
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Fig I 



Fig 2 

Figs i, 2 nnd 3 — Case i Showing, in sequence (Fig i) No evidence of bony 
invohement (Fig 2 ) One week later still no evidences of osteomyelitis (Fig 3) 
One month later, still no destruction of the phalanx 
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Fig 4 Fig s 

Figs 4 ni>d 5 — C'\se 1 Show the opeiati\e \\ound ciitireK healed and a ne\% nail 

regenerating 


involved (3) An instance where the major poition of the phalanx was de- 
troyed, and in which legeneiation has taken place 

CASE REPORTS 

Case I — A K, male, vhite, age 30 On June 29, 1939, a wire penetrated his right 
thumb No attention w’as paid to it until the thumb began to sw'ell and throb Home 
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remedies were applied without relief He w'as first examined July 7 I939» week after 
the injury The right thumb was tense, tender and hot, and a small, healed puncture 
w'ound w as noticed on the volar aspect of the distal portion of the finger A diagnosis of 
closed space infection was made The roentgenogram (Fig i) levealed no evidences of 
bony involvement Under local infiltration w'lth i pei cent novocain, the thumb w'as 
incised as described m the preceding paragraphs Roentgenogi ams taken July 14, 1939 
(Fig 2), and August 14, 1939 (Fig 3), show' no destruction of the phalanx, and photo- 
graphs taken August 14, 1939 (Figs 4 and 5), show' the wound entirely healed and a 
new' nail regenerating 



Fig 8 


Figs 6j 7, and S — Case 2 Showing, m sequence (Fig 6) No CMdence of bon\ 
m\ohement (Tig 7) Ten dajs later, definite evidences of destruction of the mush* 
room portion of the distal phalanx (Fig 8) Fue months later complete regeneration 
of both bone and nail 

Case 2 — S S , female, w lute, age 28, pricked her left index fingei with safety pm 
March 6, 1939 Very little attention w'as given it until pain grew' veiy intense Home 
remedies were applied w'lthout any relief The condition becoming w'orse the patient 
presented herself for examination, klarch 13, 1939, complaining of pam and swelling of 
left index finger The finger w'as tense, hot, and show ed definite evidences of closed space 
infection A roentgenogram (Fig 6) showed no evidences of bony in\ohenient The 
finger was opened, employing the previoush described incision A roentgenogram taken 
March 23, 1939 (Fig 7), showed definite evidences of destruction of the mushroom por- 
tion of the distal phalanx One taken August 26, 1939 (Fig 8), shows the bone and nail 
completelj' regenerated 

Case 3 — ^J T, female, white, age 42 Presented heiself for examination, kfarch 12, 
1939, complaining of throbbing pain m right index finger, stating that she had pricked 
her finger with a needle, a few' da\s preiiousl} The finger was swollen, red, hot, and 
showed a puncture w'ound on the lolar aspect, which appeared to haie a small pustule 
at the site of entrance A roentgenogram re\ealed no CMdences of bony nnolvement 
(Fig 9) The finger was opened, employing the pre\iousl\ described incision A roent- 
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Figs 9 10, ii and 12 — C-ise 3 Showing, iii sequence (Fig 9) No c\idence of 
hotn m\ohenient (Fig 10) Fnc di>s later, still no e\idences of o‘?teonncIiti<; 
(Fig ii) One week later, show*; the distal phahn\ almost compIetcK destro>cd 
(Fig 12 ) One week Hter, shows the phalanx regenerating, the wound healing, "and 
regeneration of a new nail 
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genogram, taken Maich 17, 1939 (Fig 10), still failed to reveal any evidences of 
osteomyelitis Howevei, one taken March 24, 1939 (Fig ii), shows the distal phalanx 
almost completely destroyed, while another, taken March 31, 1939 (Fig 12), shows the 
phalanx regenerating The distortion of the soft tissues was due to a button-hole abscess, 
close scrutiny of the film shows wound healing and new nail regenerating 

CONCLUSIONS 

The advantages of this incision aie 

(1) The bone is hi ought closei to the surface and less soft tissue has to 
be cut through in older to enter the anteiioi closed space 

(2) Early osteomyelitis of the bone can be detected long before the roent- 
genogiam reveals evidences of destiuction 

(3) Adequate drainage is obtained and the wound heals in a shorter period 
of time If a sequestium foims, it can be more easily extruded through this 
incision than thiough any of those previously recommended 

(4) There is an absence of scan mg on fingei, as the nail regenerates com- 
pletely and covers the scai 

(5) Sensation IS unimpaiied 
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LUXATION OF EXTENSOR TENDONS IN THE HAND 

Francis Howe Strius, M D 
ChiC'VGO, III 

FROM THE DEFVRTMENT OF SGRGEUl, RLSII MEDIC \L COLLEGE, CUIC\GO, ILL 

Extensor tendons in the hand may become dislocated following tiaiima 
or disease The lesultmg condition, although rare, is chaiactenstic At hist 
glance it lesembles, but should not be confused \Mth tiiggei finger fiom 
other causes The condition of “tugger fingei” or “spiing fingei” is usually 
described as being due to impediment of the motion of a flexoi tendon by 
nan owing of the tendon sheath oi swelling m the couise of the tendon It 
should be recognized that the same phenomenon, wheieby the finger can be 
flexed voluntaiily, but cannot be extended past an appaient obstiuction with- 
out assistance, may be caused by the lesion which is heiewith described 

Legouest,^ in 1868, desciibed the fiist case of luxation of an extensor 
tendon in the hand Aftei this Paget,- Marsh,^ and Schuimayei^ had re- 
ported cases befoie 1900 Recently, Razemon^ was able to collect a total 
of 17 cases due to tiaiima, in eight of which the lepoits lacked sufficient 
detail to offer statistical mateiial Charcot,® Kiukenbeig" and Spitzy® have 
lepoited pathologic luxation fiom arthritis defoimans Levy® suggested the 
possibility of a congenital tendency and lepoited a father and daughter Avho 
could voluntaiily dislocate an extensoi tendon Othei authois have speculated 
upon the mechanism involved 

After MaydV® the cases can be divided into those due to pathologic 
softening of stiuctuies in the vicinity of the metacai pophalangeal joint, and 
those due to trauma The tiaumatic gioup may be fuither divided into 
those m which the dislocation is caused by a diiect blow on the metacai po- 
phalangeal joint which teais the extensor tendon loose from its 1101 mal 
bed, and dislocations fiom mdiiect violence caused by conti action of the 
extensoi tendon against lesistance, or by external foice causing flexion of 
the fingei against muscular lesistance Fiom the lecoided cases it appears 
that the luxation always occui s at the metacarpophalangeal joint The middle 
finger was involved in 10 cases, the index fingei m thiee cases The dis- 
placement nas towaid the ulna 111 all but one case Five in j tines weie caused 
by direct tiaiima, of which a fightei's blow to the chin of his opponent may 
be taken as typical Five cases, including the piesent one, ueie caused by a 
musculai effoit against lesistance One case iias apparently due to le- 
peated slight musculai eft'oit The light and left hands were equall} 
involved 

The patients umfoiinly give a histoi} of an iiijuiy which ma> be trnial 
01 seveie This is immediately followed b\ iiitei f ei ence with the 1101 mal 
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function of the finger and swelling on the cloisum of the hand The swelling 
and acute pain disappear within a few days, but the extensor function of 
the fingei leinains permanently impaired, and theie is apt to be pain and 
weakness on use of the fingei 

Examination of the oldei cases, with the fingei s m full extension, reveals 
an appal ently noimal hand As flexion of the fingei s is executed, when the 
pioximal phalanx of the fingei appioaches flexion oi 45°, a distinct jerk is 
obseived as the extensoi tendon slips off the head of the metacarpal bone 
At the same time, the finger jumps into a position of deviation toward the 
ulnar aspect of the hand As flexion is continued, the finger can complete 
full flexion 111 ulnar deviation When extension is attempted, the motion 

Fig I Fig 2 Fig 3 



Fig I — Showing the apparent normal relations of the extensor tendon of the middle finger, 
when m full extension 

Fig 2 — Showing the extensor tendon of the middle finger beginning to slip to the ulnar 
side of the third metacarpal, ^\ith finger in degree flexion 

Fig 3 — Showing ulnar deviation of the middle finger, upon complete flexion, with the ex 
tensor tendon slipped entirely to the ulnar side of the third metacarpal 

pioceeds noimally until the pioximal phalanx again i caches the vicinity of 
a 45° angle, when the motion is locked oi impeded Frequently, it requires 
assistance fiom the exammei oi the patient’s othei hand to cany extension 
past this point , oi it may be that by obvious effort, the patient’s own extensor 
muscle may succeed In any cA^ent, theie is a Ausible and palpable jump as 
the extensor tendon slips back onto the head of the metacaipal bone The 
ulnar deviation of the flngei disappeais and the extension is normally com- 
pleted In recent cases, the displacement of the extensor tendon during this 
pioceduie may be masked by swelling It is easily visible and palpable in 
older cases In desciibmg the pathology of the condition, all observers have 
noted the displacement of the tendon Becker^^ lecorded an associated tear 
of the junctuia tendinum uniting the extensoi tendon to its radial neighbor 
Ritschff- lecoided a case m which the extensoi tendon became split, so that 
the head of the metacarpal piojected thiough the longitudinal tear in button- 
hole fashion 
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extensor tendon was found to be torn and separated into a “V” (Fig 4A) This allowed 
the intact lateral one-half of the tendon to slide toward the ulnar side of the metacarpal 
head It is of interest to note that the dissection was carried widely enough laterally 
to demonstrate an intact vinculum between the extensor tendons of the ring and middle 
fingers There was no vinculum between the extensor tendons of the index and middle 
fingers No gross tear was repoited m the capsule of the joint, although theie was some 
granulation tissue in this region which may have obliteiated such a tear 

The “V” shaped defect m the tendon was repaired by silk suture (Fig 4B) A 
rectangular flap of connective tissue was turned up from the ulnar side of the tendon 
(Fig 4C) and sutured over the tendon to the soft tissue on the radial side of the tendon 
(Fig 4D) The skin was closed over this with interrupted silk sutures and a palmar 
splint applied Eleven days later, the wound was healed Flexion and extension of the 
middle finger were noimal and there was no luxation of the tendon in any position One 
vear later the condition was unchanged 

In consideiing the mechanism of the injury, we must consider the factors 
which hold the extensoi tendon constantly in its noimal position ovei the 
nariow piojection of the metacaipal head Beckci^^ believed that this was 
in pait accomplished by the junctuia tendmum and that laceration of the 
junctura tendmum was a causative factor in dislocation Silfveiskiold^® 
quotes Braus^^ that the juncturae are phylogenetic lemnants m man of stiuc- 
tures which m the apes are bioad membianes limiting individual finger mo- 
tion in the extensoi tendons , and which m man are too vai lable and too 
obliquely situated to peiform any useful stabilizing function Poiiier^® states 
that fixation of the extensoi tendon in its piopei site is maintained by trans- 
verse bands of fascia which unite the tendon to the posterior capsule of the 
joint and which m tuin unite with the palmai aponeurosis Mason^® quotes 
both the piecedmg theoiies, and suggests shoitening a lax junctura tendmum 
as a possible coriection The discussion among the foregoing authors as to 
whether the laceiation of the junctuia tendmum 01 of the posterior aspect 
of the capsule is the etiologic factor, would obviously apply onlj'^ to those 
cases in which the injuiy is due to diiect violence The mechanical situa- 
tion IS such that indirect violence will apply little 01 no foice to either the 
junctuia tendmum 01 doisal capsule if the tendon remains intact 

Through the couitesy of Dr Edwin Millei, I im^estigated this condition 
on a number of hands of cadavei s The extensoi tendon of the middle finger 
fuses mdistmguishably with the capsule of the metacarpophalangeal joint 
Tins union is so firm that no lateial play is allowed the tendon as it ciosses 
the joint Proximal to the joint, theie is consideiable lateral mobility of 
the tendon The lateral mobility heie is not affected by the piesence of the 
junctuiae tendmum, Avhich quite obviously, fiom then oblique situation, 
play little role in stabilizing the lateial position of the tendon With the 
scalpel, an incision was made thiough the ladial one-half of the extensor 
tendon, simulating the lesion found in the case lepoited The pioximal poi- 
tion of the tendon was fixed m ti action, and the tendon made taut by flexing 
the middle fingei This caused an obvious tendency on the pait of the tendon 
to slip over the head of the metacarpal bone toward the groove between the 
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third and foiuth metacaipals However, this luxation nas lestiamed by the 
attachment of the tendon to the doisal ligament of the joint The tension 
on the doisal ligament of the joint could be inci eased by flexing the middle 
fingei m ulnai deviation 

An incision was made on the ladial side of an extensor tendon and paiallel 
to it foi a distance of thiee-quarteis of an inch at the level of the metacar- 
pophalangeal joint The pieceding piocedme was lepeated, whereupon the 
tendon slipped into a position of luxation between the thud and fourth meta- 
carpal bones It is appaient that there must be luptuie oi division of the 
doisal capsule of the joint before lateial displacement of the tendon is pos- 
sible This quite conceivably might occur through disease processes It 
probably cannot occui thiough foice supplied by muscular contraction against 
lesistance However, if the ladial one-half of the tendon is ruptured, which 
may happen through an obvious mechanism (the application of power to 
the extensor tendon ^^hlle the finger is fixed m flexion with some ulnar de- 
viation), then the continuing foice will be applied to the doisal capsule of 
the joint This in turn gives way, and the tendon slips into the groove to 
the ulnar side of the metacaipal head Repeated experiments upon a number 
of tendons, both vith and without vincula, appealed to show that this mechan- 
ism was coiiectly mteipieted Division of the vinculum toward the ulnar 
side of the extensor tendon and tightening of the vinculum toward the radial 
side when it was piesent did not pi event the occurrence of the dislocation 
Various authors (Cuichod,^" Silfverskiold,^® and Mason^®) have recom- 
mended that recent cases be treated conseivatively by immobilization in ex- 
tension for thiee veeks, by which time the tom tissue may repaii itself, 
inasmuch as the tendon occupies its noimal position during extension In the 
two cases where this has been done (Cuichod and Silfverskiold), the repair 
has been sufficient to allow use of the finger, but m both cases there was 
persistence of paitial luxation when the finger was flexed It would appeal 
that although this method of theiapy may be used, it cannot be depended 
upon for complete lestoiation, but the functional result may be adequate 
The first operative repaii was lepoited by Haberern,^^ turned a flap 
of fibrous tissue over the tendon just pioxinial to the head of the metacarpal 
joint to foim a letentive sheath m a manner similar to that herewith de- 
sciibed Becker’s^^ effoit to letam the tendon m position by sutuie of the 
vinculum lesulted m success as fai as the luxation of the tendon was con- 
cerned, but lesulted m limitation of motion 

It would appear that operative repair, in which a letention sling is 
fashioned from the fibious tissue just pioximal to the metacarpal head, gives 
good functional and anatomic results This should be combined with sutuie 
of the associated laceiations of tendon and capsule as disclosed by opeiation 
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A METHOD FOR CONTINUOUS SPINAL ANESTHESIA'?' 


A preliminary report 
William T Lemmon, B S , M D 

Philadelphia, Pa 

FROM the SURGIC\tf DIMSION \ OF THE JEFFERSON MEDICAL COLLEGE A.ND HOSPITAL, PIIILlDELPIirA., PA 

During the past i6 years, m an expeiience with more than 2,000 spinal 
anesthesias, two difficulties have been obseived the first one being “its failure 
to take” — or failure to pioduce analgesia, and, the second, “its wearing off 
too soon” — or pain and musculai contraction returning before the operation is 
completed, which made it necessary to supplement the spinal with ether, nitrous 
oxide, c 3 ^clopropane, evipal, or local anesthesia 

In approximately 200 continuous spinal anesthesias, no instance has oc- 
curred in which it “failed to take,” A second injection of piocame hydro- 
chloride (novocain, neocame) was given many times befoie there was “a take,” 
and on a few occasions it was necessary to give a third injection befoie 
analgesia was produced and the operation begun The concentration used 
was 100 mg of novocain per cubic centimetei of spinal fluid 

In every case 111 this series, the opeiation has been completed under spinal 
anesthesia Analgesia has been maintained as long as four hours, requiiing 
several injections of novocain Each subsequent injection has been given as 
the effects of the previous injection of novocain began to wear off We have 
observed that it takes less than two minutes (appioximately 90 seconds) to 
obtain complete freedom from pain and muscular relaxation after an mtra- 
spinal injection of novocain The initial injection of novocain has more 
toxic effects than subsequent injections These “toxic effects,” of the intra- 
spinal injection of novocain, are evidenced b}'- a fall in blood pressure, sweating, 
tachycardia, nausea and vomiting These distressing symptoms are pi evented 
or ameliorated, to some extent, by the use of 10 per cent glucose by continuous 
venoclysis The head of the patient is level or slightly lowered The systolic 
blood pressure has not dropped below 80 Mm of mercury, and we have not 
found it necessar}’- to administer adrenalin or ephedrme to support the blood 
pressure m any instance The continuous venoclysis of 10 per cent glucose 
supports the patient during the operation and analgesia, and the blood pressure 
IS often the same at the conclusion of the operation as it was at the beginning 
Surgeons have experienced the difficulties in closing uppei abdominal 
incisions when it was difficult or impossible to get patients relaxed under 
general anesthesia They know the ease with which these incisions ai e closed 
when the abdominal wall is perfectly relaxed, and the intestines collapsed 
Indeed, at times the abdominal closure is more difficult than the operation, 

*Read before the Philadelphia Academy of Surgery, December 4, 1939 
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especially when abdominal lelaxation cannot be obtained It will be a com- 
fort to surgeons to find that they can complete then difficult, prolonged opeia- 
tions and close the abdominal incisions under perfect musculai lelaxation, 
and with the intestines collapsed This I have found to be true in all cases 
m which continuous spinal anesthesia vas used 

The opeiations in which we have found it to be especially useful aie 
Gastrectomy, colon lesections, lectal lesections, opeiations upon the gall- 
bladdei and bile ducts, plastic piocedures, celiotomies, and pelvic opeiations 
The lesults weie so satisfactoiy that we felt a piehmmary repoit was justi- 
fied Animal expeiimentation, laboiatoiy investigation, and further clinical 
obseivations are being earned out at the piesent time 



Fig I — Showing the gener'il set up for the induction of continuous spinal anesthesia 

(1) The mattress upon which the patients hod\ rests 

(2) The part of the mattress that is detached and remo\ed when the patient is m the 
lithotom\ position for perineal or rectal operations 

(3) The strap that holds the two pads together during abdominal operations 

(4) A basin, filled with sterile water, containing additional ampules of no\ocam 

(s) A aery small caliber of rubber tubing, 36 inches long 

(6) Additional malleable needles of different lengths 

(7) The malleable needle in place in the position that it usuall} is when it is left m 
the patient during operation 

Equipment — The equipment needed to administei lepeated injections 
into the spinal subarachnoid space, dm mg suigical opeiations, consists of 
(i) A rubber coveied pad oi mattiess (2) Spinal needles (3) Rubber 
tubing (4) Stopcock (5) Luei-lok connections (6) Ten cubic centimeter 
syringe 

(i) The lubbei coveied (with zippei) mattiess is five inches thick, 18 
inches broad and six feet long (Fig i) It has a gap seven inches in length 
that IS beneath the lumbar spine when the patient is supine This gap is con- 
tinuous with anothei gap which comes to the side of the mattiess Theie 
is a bleak in the centei of this mattiess so that the lower pait that supports 
the lower extremities may be detached This is detached when the patient 
has the legs m stiirups for plastic 01 perineal opeiations If an abdominal 
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celiotomy follows the pei meal operation, the patient is pulled back in position 
on the opeiating- table, and the lowei half of the rubber-covei ed mattiess is 
held 111 place by stiaps with buckles This mattress will fit any operating table 
Futuie operating tables and pads may be made with a space foi the use of 
continuous spinal anesthesia 

The spinal punctuie is made with the patient lying on one side, and the 
back of the patient is toward the side of mattiess with the gap in it As soon 
as the ceiebiospmal fluid escapes, six cubic centimeteis are dra^^n into a 
10 cc Luei syiinge The syringe is disconnected, and the needle m the spine 
plugged with a trocar to pi event escape of spinal fluid Six hundred milhgiams 
of procaine hydiochlonde (novocain, neocaine) is now dissolved m 6 cc of 
spinal fluid The lo cc syiinge, containing 600 mg of novocain dissolved m 
6 cc of spinal fluid, is now connected to a Luei-lok connection with a stopcock 
which connects to about three feet of 1 ubbei tubing This stopcock is opened 
and 2 cc of the fluid containing novocain is forced into the 1 ubbei tubing The 
stopcock IS closed This fluid displaces the air in the tubing The Luei-lok 
connection at the opposite end of the tubing is connected to the needle in the 
spine This connection is made secuie The stopcock is opened and i to 2 cc 
of fluid introduced into the subarachnoid space fiom the 10 cc syringe The 
stopcock IS closed, and the 10 cc syiinge now has the remaining fluid left 

The patient is turned on his back with the needle left in the spine, and 
the needle is so placed that it is m the center of the gap m the pad It does 
not touch the table 01 the mattress at any time The patient is then tested 
for analgesia and relaxation If analgesia is not present within 10 minutes 
an additional dose of spinal fluid containing novocain is introduced by turning 
the stopcock and pressing the plungei of the 10 cc syringe If additional 
novocain is needed it may be dissolved in steiile water 100 mg to each cubic 
centimetei and introduced as it is requiied The spinal puncture is usually 
made in the second or the third lumbar interspace The level of analgesia 
has been easily controlled by the position of the patient, dilution of the anal- 
gesic drug, and the force of injection Procaine hydrochloride has been 
employed because it is the least toxic of all diugs used in producing spinal 
anesthesia I see no reason why such drugs as nupeicaine, pontocame and 
metycaine cannot be used with this method, but they are more toxic These 
drugs were developed to prolong analgesia so that long operations could be 
completed before their action “wore off ” It has been found that any of the 
above-named diugs may “fail to take” and it has also been noted that they 
often “wear-off” before they aie supposed to and before operations can be 
completed 

Some patients require much more mtraspmal procaine to produce analgesia 
than others There is no set dose of ether for a given case, but it is given 
under contiol as needed and the dose varies greatly The same is true in 
opeiatmg under spinal anesthesia The dose should be given as needed and 
under control 

Spinal anesthesia is the choice foi so many operative piocedures, and the 
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lesults are not as satisfactory when it has to be supplemented by other anes- 
thetic agents 

(2) Needles — The needles aie malleable (made of German silvei) and 
so made that they may be bent in any dii ection without breaking The caliber 
IS No 17- and i8-gauge They are 2>^, 3, and 33^ inches in length, so as 
to fit faiily accuiately the depth of any lumbar spine 

One cubic centimetei of novocain containing % giam ephedrine sulphate 
is withdrawn from an ampule through a hypodermic needle into a 2 cc Luer 
syringe This is injected intradermally ovei the second or third lumbar inter- 
space An ordinary spinal needle or a needle of No 17- or 18-gauge in 
caliber is introduced thiough the wheal made by the intradermal injection of 
novocain and ephedrine The malleable spinal needle is then introduced into 
the puncture hole in the skin and on into the subarachnoid space (The 
malleable spinal needles will sometimes bend before they can be forced 
through the skin, but a previous punctuie by anothei needle eliminates the 
difficulty ) 

We now use malleable spinal needles m the induction of all spinal anes- 
thesias and all spinal punctures on the Surgical Services Within one month, 
two of the ordinary nonmalleable needles were broken off in the spine, due 
to the patients suddenly bending and moving out of position These broken 
needles 111 the spine aie quite difficult, at tunes, to remove, and constitute a 
really serious accident, especially when the accident can be pi evented by using 
malleable needles in performing all spinal punctures 

(3) Rnbbe? Tubing — The rubbei tubing is made of very hard rubber 
with very little elasticity, so that it will not bulge and allow fluid to accumulate 
in Its lumen The lumen of the tubing is just as small as could be obtained 
With three feet of lubber, it takes 2 cc of the spinal fluid to fill the lumen 
and force out the air This 2 cc of fluid and the contained drug remains in 
the tube and must be subti acted from the total dosage All tube connections 
must be air and fluid tight 

(4) Stopcock — The stopcock is placed betAveen the Luer-lok connection 
to the 10 cc syringe, and the connection to the rubber tubing When it is 
turned in the long axis of the tubing, it is open When it is perpendicular 
to the long axis of the tubing it is closed 

(5) Luet-Iok Connections — There is one Luer-lok connection that fits the 
malleable needle placed in the spine The other Luer-lok connection is placed 
at the stopcock It is very impoitant that these be kept tight so that there 
may be no leakage of air or fluid 

Ten Cubic Centimetei Luei Syunge — A 10 cc Luer-lok syringe, or any 
10 cc syringe that fits the connection may be used Usually 6 cc of spinal 
fluid are withdrawn and 600 mg of novocain dissolved in it Two cubic 
centimeters are used to fill the lumen of the rubber tubing, and, i or 2 cc 
are introduced into the subarachnoid space, to produce analgesia Two cubic 
centimeters are left in the syringe to be used as needed 
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RECONSTRUCTION OF COMMON BILE DUCT* 

SEVEN-YEAR RESULT 

Thomas H Russell, MD 
NE^^ York, N Y" 

Case Report — Hosp No 762 J L, white, female, age 42, married, was admitted 
to St Francis Hospital, and was operated upon by another surgeon, January 30, 1931, at 
which operation the gallbladder and appendix were removed The patient was seen m 
consultation by the writer (T H R ) two da}’'s later, at which time she was nauseated, 
the abdomen moderately distended, temperature 101° F , pulse 100, there was a moderate 
degree of jaundice present, icteric index 55 Clinical Diagnosis Occlusion of common 
bile duct 

The wound was immediately reopened and the common duct easily identified The 
first ligature seen was found to encircle the common bile duct, just above the point of 
junction with the cystic duct, and had already initiated a local gangrenous process There 
was also a ligature around the stump of the cystic duct 

Opci ative Pi occdin c — The ligature around the common duct was removed , a longi- 
tudinal incision made in the duct, and a T-tube inserted A cigarette dram was placed 
down to the foramen of Winslow, and the wound closed in layers with plain catgut, the 
skin with silk 

Postopoativc Com sc — The patient made an uneventful recovery The icteric index 
was 30 the first day, and 17 on the third day postoperative Unfortunately, on the twenty- 
first postoperative day the T-tube slipped out, and bile began draining from the abdominal 
wound 

The patient insisted upon going home, February 28, 1931, four weeks postoperative 
Four days later, March 4, 1931, the patient was readmitted to the hospital, Hosp No 1605, 
stating that the wound had continued to discharge large quantities of bile, and that she 
was troubled with a good deal of abdominal distress after meals Her stools were formed 
and natural in color After a few days’ rest m the hospital she felt better, but on March 16, 
1931, there appeared to be slight jaundice, the icteric index was ii In a few days the 
jaundice disappeared and she felt well again On March 31, 1931, she became decidedly 
jaundiced, icteric index 40, and stools clay colored 

Second Opciativc Pioccdmc — The abdomen was reopened, April 4, 1931, by incising 
through the old scar, and the common duct again examined A stenosis of about one inch 
in length was found at the site of the previous choledochostoray opening The stenosed 
part of the duct was excised, and an effort made to approximate the two ends of the duct 
over a T-tube As about one inch of the duct had had to be removed, accurate apposition 
of the ends was not feasible, hence, the likelihood of recurrence of the stricture at this 
site was most probable 

Reports of various operations designed to establish a fistula to later anastomose into 
the stomach having, heretofore, been unsatisfactory m a large percentage of cases, a dif- 
ferent procedure was attempted which consisted of bringing the longer end of the T-tube 
up along the posterior wall of the stomach just proximal to the pylorus, sewing a piece 
of the gastrohepatic omentum about the tube so as to fix it to the stomach wall, nith the 

* Presented before the New York Surgical Society, October 26, 1938 Submitted for 
publication Januarj* 17, 1939 
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idea of having a sinus form along the stomach wall which would later open into the 
stomach This pioceduie was accomplished very easily The abdominal wound was again 
closed around the tube and a cigarette dram 

Postopoatwc Com sc — The cigarette dram was removed on the third postoperative 
day Bile drained from the abdomen around the T-tube for several days, then ceased In 
a few da>s the T-tube was pinched off with a Murphy-dnp clamp for several hours a dav 
until finally the patient was taught to unpinch the clamp for a few minutes night and 
morning, and to keep the tube m position by means of adhesive strips 

The patient was discharged from the hospital, May 2, 1931 She returned every few 
weeks foi examination until October 20, 1931, when she was readmitted, Hosp No 
4195, for the final operation She had gamed m weight and stated that she felt well and 
had been doing her usual household duties Icteric index 10 

Tlwd Opciativc Pfocedme — October 26, 1931 The sinus around the tube was dis- 
sected free, down to where the tube had been fastened to the posterior wall of the stomach 
A two-mch incision was then made through the anterior wall of the pyloric end of the 
stomach parallel to its long axis A stab wound was then made through the posterior 
wall of the stomach into the sinus containing the tube Several inches of the longer end 
of the tube were cut off and the tube pulled thiough into the stomach The tube was cut 
off flush with the inner surface of the posterior wall of the stomach, but was not removed, 
as it had been retained wnth so much difficulty and it w^as thought it would soon be dis- 
charged into the stomach The anterior wall of the stomach w^as closed transversely to its 
long axis to avoid narrownng at this point The excess sinus w^as cut off and the end 
sutured The abdomen was closed without drainage The patient made an uneventful 
recovery On November 12, 1931, a plain roentgenogram of the abdomen showed the 
tube to be still m position The patient left the hospital, November 14, 1931, and returned 
every few^ months for roentgenologic examination 

On March 9, 1932, this patient was presented before the New^ York Surgical Society 
and advice solicited relative to the adMsabiht} of remoMiig the tube 

On August 3, 1932, IS months postopeiative, she again returned, Hosp No "^3352, 
complaining of a ventral heinia The herniation wdneh presented consisted of a weakness 
along the low^er end of the scar, and, although the hernia was not disabling, the oppor- 
tunity was taken advantage of, while effecting its repair, to remove the tube which the 
roentgenogiam showed to be still between the common duct and the stomach 

Fourth Operative Procedure — August 10, 1932 The old scar was excised under 
spinocaine anesthesia The anterior wall of the stomach w^as opened parallel to its long 
axis The tube, which w^as presenting through the posterior w’^all of the stomach, was 
grasped with a hemostat and removed Bile flow^ed freely through the new^ opening The 
anterior wall of the stomach was closed transverseb to the line of incision as before, the 
hernia w^as repaired and the abdomen closed wuthout drainage 

SubscQucrif Course — The patient has gained markedly in weight, and has remained 
w^ell since the last operation, over six years ago, except for an arthritis 

Discussion — Dr Frank B Berry (New York) recalled the fact that 
he had shown a similar case befoie the New Yoik Singical Society, two years 
ago, that was still alive, ii yeais aftei the oiigmal injuiy Here again, a 
lubbei tube was used The gap in the duct was not as extensive as that con- 
fionting Doctoi Russell The lubbei tube passed by itself He wondered 
why, with the tube functioning so well, Doctoi Russell did not leave it alone, 
to eventually disintegiate and be automatically discharged Doctor Beiry 
mentioned anothei case of injuiy, to which he was not a paity, which had 
been refeiied to him to have the fistulous tiact implanted into the stomach 
This was planned in Doctor Beriy’s case The secondaiy operation, however, 
proved to be extremely simple, because the duct, with its gi adual stenosis over 
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the aiea, had foimed a maikedly dilated area and the anastomosis was a much 
simpler opeiation than was the case in Doctor Russell’s patient 

Dr Russell said that he was advised that if he left the tube alone it 
would cause trouble and that he had seen seveial cases of Doctoi Erdmann’s 
years befoie, m which the tube had become filled uith gummy mateiial He 
felt that it would have continued to function in this case but he also felt that 
while he had a good oppoitumty to take it out, he might better take advantage 
of it 

Dr J William Hinton (New York) lecalled that ten yeais ago it uas 
said that eveiy patient with a duodenal ulcer developed cholecystitis and ap- 
pendicitis, and so the appendix and gallbladder weie taken out But Doctor 
Hinton’s expei lence has impressed him that seldom, if evei , does one find any 
trouble u ith the gallbladder m such cases, and he himself has nevei found one 
leally diseased 

Dr John A McCreery (New York) agieed that cholecystitis and ap- 
pendicitis weie relatively infrequent concomitants of ulcer They should be, 
accoidmg to the old text-books, but this is not the case in patients as they are 
seen Occasionally, however, one will find a gallbladdei which is involved as a 
result of adhesions aiound an old perforation 


HEjSIANGIOMA of liver=^ 

SUCCESSFUL RESECTION OF LEFT LOBE 

John H Morris, M D 
NE■\^ Yohk, N Y 

Case Report — Hosp No J-5872 M C, white, female, age 38, reported to the 
Out-Patient Department, Post-Graduate Hospital, September 29, 1935, complaining of 
pain in the scar at the site of an incision made 20 j^ears previously for an acute infection 
of the right index finger Roentgenologic examination disclosed evidence of bone erosion 
Other than the present finger infection she, apparently, had never been ill before She 
had had seven normal pregnancies Examination of the right index finger showed a 
small, tender cicatrix near the tip, but there was no evidence of acute inflammation 

During the course of a routine phj sical examination, which in the main was entirely 
negative, there was found a large, grapefruit-sized tumor m the midepigastnum which, 
according to the patient, had been present since childhood and had nevei given rise to 
any pain, digestne or other symptoms The tumor was firm, lobulated, painless and quite 
freely movable It did not, houever, move With respirations and, while it could be easily 
displaced upwards into the epigastrium and laterally, attempts to displace it into the 
lower abdomen were unsuccessful, indicating a point of fixation above Picopoatwe 
Diagnosis — This seemed to rest between a cjst or tumor of the pancreas, omentum or 
mesenterv 

Opciafwu — October 7, 1935 Doctor Morris Upon opening the abdomen through 
a right pararectus incision, a large, lobulated, beefy, red, glistening tumor w'as exposed 
It was attached abov^e by a broad pedicle to the under surface of the left lobe of the liver 
The dome of the right lobe presented a small elevated angiomatous area the size of a 
half dollar 

* Presented before the New York Surgical Society, November 23, 1938 Submitted 
for publication Januar} 8, 1939 
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Using a diathermy knife, the left lobe of the liver was resected wide of the tumor 
pedicle, hemorrhage being effectively controlled by interlocking, deep mattress sutures 
combined with cauteiization Two large cigarette drains were inserted to site of the 
excision and the abdomen closed 

Subsequent Couisc — Convalescence was uneventful except for a thick discharge 
along the drainage tract On discharge from the hospital, November 6, 1935, there was 
still present a small fistula which, howevci, had closed completely when seen one month 
later 
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Fig I — Photograph of the gross specimen of the resected cavernoma of the hver 
Pig 2 — Photomicrograph shouing the histologic structnie at the junction of the vascular tumor with 

the liver 


roIlozv-Up — December 5, 1935 A fist-sizeci mass was found over the right lobe 
It appeared probable that the small angiomatous area noted on the right dome of the 
hver at the time of operation had taken on active post-operative growth 

Treatment on this mass by roentgenotherapy was begun December 10, I 935 » 2nd 
during the succeeding month, eight treatments of a one-third erythema dose were given 
When last seen, September 22, 1938, the wound was firmly healed, no masses were 
palpable, there was no evidence of recurrence and the patient was sj^mptom free 

Pathologic Examination — Gtoss Dr S M Rabson The specimen (Path No 
32539-65664) measured i8o\i6o Mm, and weighed 920 Gm after being sectioned (Fig 1) 
Its color varied from light gray to black through reddish-blue and purple, its surface in 
some areas suggested spleen and m others lung Its cut section showed evidences of ex- 
tremely vascular tissue Between widely separated intei lacing bands of firm, gray tissue 
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there was moderately firm tissue, grayish-red m color, formed almost exclusively of 
pm point to pin-head-sized alveolar spaces 

Mici oscoptc — Sections taken through the neoplasm and liver tissue at their junction, 
show the liver tissue to be normal in appearance The vascular tumor is well demarcated 
from the adjacent liver tissue by numerous lamellae of connective tissue which are con- 
tinuous with the rich stroma between the blood vessels of the tumor (Fig 2) The 
blood vessels are lined by flattened endothelial cells and m some areas connective tissue 
cells appear to be directly lining the blood spaces Pathologic Diagnosis — Ca\ernous 
hemangioma of the liver (cavernoma) 

Ewing** states that these tumois are of congenital oiigin, on the basis of 
small nevi, and that they tend to enlarge steadily ovei a period of many years 
When allo^^ed to progiess, they attain veiy laige propoitions and successively 
involve neighboring tissues and organs Some cellular angiomata exhibit 
certain features of malignancy, and are eventually fatal, chiefly tin ough internal 
hemorrhage and anemia Vnchow traced the eailiei stages of cavernoma 
to islands of prolifei ating connective tissue sui rounding cellular capillaries, 
and Ribbert found, on the edges of cavernoma, new vessels which com- 
municated freely with those of the tumor but imperfectly with those of the 
sui rounding tissue Most authorities agree that these giowths aie partial 
neoplasms originating from embryonic disturbances 

In 1921, Dr Charles H Peck^ reported a similar case in a female, age 34 
The tumor, successfully lemoved, weighed 3 pounds 14 ounces, and was be- 
lieved to be the largest tumor to have been removed in the United States and 
second only to that reported by Pfannenstiel,'^ which weighed five pounds 
Reviewing the liteiature, he was able to collect 20 cases which had been oper- 
ated upon, in 17 of whom the tumor was excised, with 15 recoveries and two 
deaths The left lobe vas most frequently involved (ii cases) with the light 
lobe second in frequency (7 cases) He records a case (Mantle"’) in which 
the patient died from hemorrhage lesultmg from an accidental needle punc- 
ture of the tumor In another instance (Freund), the patient died from 
hemorrhage resulting from the rupture of a large hemangioma of the left lobe, 
which had been exposed duiing an exploratory celiotomy Keen^ suggests 
forming an artificial pedicle by incising the liver on eithei side of the growth, 
applying an elastic ligature and then packing the wound wide open Peck 
cautions against incision or even needle puncture of the tumor itself 

This case is presented because it is an example of a rare type of primary 
liver tumor whose classification, method of treatment and prognosis are not 
definitely established In this instance, radical excision has secured a thiee- 
year cure, but it is noteworthy that activity of a small nodule in the right lobe 
was apparently controlled by roentgenotherapy, confirming the observations 
of Dr Bronson S Ray^ in a case of extensive, inopeiable hemangiomata of 
the liver which has, apparently, also been completely controlled by 1 oentgeno- 
therapy alone 
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Discussion — Dr Charles Gordon Heyd (New Yoik) These tumois 
ate lelatively laie They ate seldom observed at operation although, not in- 
frequently, they aie found at postnioitem — according to Adami they weie 
noted 20 times in 1,400 autopsies It was, furthermoie, significant that this 
tumoi had not caused aii}'^ symptoms and had been discovered duiing a casual 
or routine physical examination Doctoi Heyd could not recall having seen 
any primal y tumors of the hvei One thinks of the livei as pi edominantly 
the site of fibiotic 01 biliary changes and not of primary tumois There are a 
numbei of so-called “cavernous” tumois that one sees not infrequently It 
was inteiestmg to note that Doctoi Moms had called the case one of cavern- 
ous hemangioma 01 caveinoma, which he had thought was associated with 
age and capillai}'" ectasia, with primaiy 01 secondaiy atiophy of liver cells, 
wheieas hemangiomata aie tumois of aiteiial development, arising from or 
neai the edge of the hvei , with the apex fixed n ithiii the livei tissue and are, 
as a rule, capable of resection Doctoi Moi ns stated that Doctor Ewing was 
responsible for the teim “caveinoma,” which appeals in his book of neoplasms 

As to the symptoms From the cases Doctoi IMoiiis was able to check 
fiom the histologic viewpoint, it is lemaikable how little difficulty these pa- 
tients have had as a lesiilt ot this tumoi This paiticulai patient had recog- 
nized the existence of the tumoi but owing to the fact that it never gave her 
any ti ouble, pain 01 othei discomfoi t, she had never given it a second thought 
That seems to be true of a great maii)'^ of the lepoited hemangiomata of the 
livei 


STRANGULATED MECKEL’S DIVERTICULUM 

Rowland W Bachman, M D , and John W Noble, M D 

Allentown, Pa 

In the embryonic life of ceitain individuals, in which the closure and 
the obliteration of the vitelline duct befoie biith aie imperfectly effected, a 
portion, 01 even the whole, of the inti a-embryonic segment of the canal may 
peisist as a pervious tube Although, in extreme cases of faulty closure a 
passage may lead from digestive tube to the umbilicus, and later open upon 
the exterioi of the body as a congenital umbilical anus, the letention of the 
lumen of the vitelline duct is usually much less extensive, being limited to the 
pioximal end of the canal, wheie it is known as Meckel s diveiticulum The 
latter is connected with the ileum at a point most frequently about 82 cm 
(32 inches) from the ileocecal valve Such diverticula usually measure from 
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5 to 7 5 cm 111 length, and possess a lumen similai to that of the intestine with 
which they communicate 

When these conditions aie met with in suigeiy, without an umbilical open- 
ing, they aie obscuie cases to diagnose and can easily be ovei looked The 
symptoms aie most often those of an acute appendicitis oi an intestinal 
obstiuction The pain, colicky m type, is centered more about the umbilicus, 
moie colicky than in an appendiceal involvement and moie severe The tendei- 
ness IS typically m the legion of the umbilicus rathei than in the light iliac 
fossa As these diverticula so often contain blood vithin then lumina, blood 
in the stools may be a valuable clue The tempeiature, pulse, respiration, as 
well as the blood count is not unlike that found in an acute appendicitis The 
age of the patient might have some slight significance as the condition gen- 
erally occuis in childien oi early adult life 

Case Report — A schoolboy, age 12, was admitted to the Allentown Hospital, with 
the history of having felt no ill symptoms until he had eaten a light meal at noon, when 
he experienced pains m his lower abdomen, radiating to the right iliac fossa These pains 
continued and became progressively worse They were the real colicky pains, so much so 
that while he was being examined he would say “oh, here comes another pain ” He did 
not vomit but felt slightly nauseated 

Physical Examination revealed tenderness over the appendiceal region, with some 
slight muscle protection over the lower abdomen Temperature 98° F , pulse 88, respira- 
tions 20 The blood picture showed Hb 60%, RBC 3,550,000, WBC 10,700, polys 
70%, lymphs 26%, monos 4% Coagulation time 3 minutes 

Opctafton — About six hours after the onset of the first symptoms the patient’s 
abdomen was opened through a Deaver incision, under general anesthesia On opening 
the abdomen, a clear watery fluid exuded from the incision This in itself suggested 
something more serious than just a mild appendicitis The appendix w'as found in its 
normal position contained several haid concretions and presented a subacute appearance — 
not acute enough to explain the presence of the clear, w'atery fluid present 

The appendix w'as removed, the incision slightly enlarged and the abdomen explored 
Nothing unusual w^as found in the region of the umbilicus, but springing from above the 
umbilicus, apparently from the ileum, and running longitudinally the length of the 
abdomen dowm into the pelvis, w'as a long cylindrical tube This w'as then visualized 
Attached to the ileum w'as a dark red, almost black, Meckel’s diverticulum, 15 cm m 
length The distal tip w'as attached to the mesentery, close to the vertebrae in the pelvis, 
by a fibrous band 

The distal end of the fibrous band was severed, thereby, freeing the diverticulum 
The base w^as then ligated, clamped and the distal portion excised The base w'as then 
sutured with tw o row's of linen sutures, invaginating the stump The abdomen w'as closed 
w'lthout drainage The patient w'as discharged on the twelfth day after operation 

Pathologic Examination — Gioss The specimen w’as 15 cm in length and i cm in 
diameter at its base, and tapered to a fibrous tip w'hich had been adherent to the 
mesentery The strangulation w-as caused bj a tw'isting of its base The contents of 
the diverticulum consisted onfi of blood 

A resume of this case would indicate tw o important points in its diagnosis 
(i ) The presence of tiue cohek} pains 111 Ihe midabdomen (2) An abundance 
of deal wateiy fluid m the abdomen followmig a shoit, acute history 
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ABDOMINOPERINEAL RESECTION OF THE RECTUM 
FOR LYMPHOGRANULOMA^ 

CASE REPORT 

John H Morris, MD 
Neu York, N Y 

Case Report — W P, white, male, age 43, was admitted to the Fourth Surgical 
Division, Bellevue Hospital, May 5, 1938, complaining of anorexia, distention after meals, 
and loss of weight dating back to an operation performed two ^ears previously, at an- 
other hospital, for stricture of the rectum 

Ten years before this date, he had developed rectal symptoms which, he was told, 
were due to stricture and, during the ensuing eight years, he had been under more or less 
constant treatment which included five attempts at dilatation of this stricture The 
condition, however, became progressively worse and, two years ago, a loop sigmoid- 
ostomy was performed The patient felt much better for the first few months post- 

* Presented before the New York Surgical Society, November 23, 1938 Submitted 
for publication January 5, 1939 
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operative but subsequently began to experience difficulty in emptying the bowel through 
the colostomy stoma, even with the aid of catheter irrigation 'During the past nine 
months he has noted marked distention and distress after meals, and for this reason has 
been compelled to limit himself to one meal a day During this period his weight dropped 
from 134 to 1 16 pounds 

Voiaeal Hxstoiy — This records a primar}' luetic infection 15 years ago, confirmed 
by positive Wassermann reaction, which after prolonged treatment was pronounced 
negative He had had an acute gonorrheal urethritis ii years ago 



Fig I — Photograph of gross specimen show 
tng the thickened rectal wzWs and the occluded 
lumen 


Physical Eiamiiiatwn — The patient appeared undernourished and pallid Tempera- 
ture, pulse and respirations were normal Wassermann negative Red blood cells 4,400,- 
000, hemoglobin 65 per cent Uranab^sis negative The abdomen presented, in its left 
lower quadrant, a loop colostomy which had been sectioned, leaving a proximal and 
distal stoma, both of which were almost closed by cicatricial contraction about their ori- 
fices In addition, a muscular defect about the proximal stoma permitted a prolapse of 
this whole area, which, taken together with the stnctured orifice, produced, intermit- 
tently, an actual obstruction of the proximal loop 

Rectal examination revealed a complete, annular stricture of the rectum two inches 
above the anal orifice, the mucosa up to this point appeared grossly intact There was 
no general or local lymphadenopath} 

The intradermal skin test with tlie Frei antigen was repeatedly positive, and this 
result was further confirmed when graded intravenous doses of Frei antigen gave posi- 
tn^e results in terms of t3'pical temperature reactions Diagnosis — Lj mphogranuloma 
inguinale, with anorectal syndrome 

Operation for removal of rectal pathology by means of abdominoperineal resection 
was decided upon, this step being justified bj the consideration that, since lymphogranu- 
loma inguinale is known to be a progressne h'lnphatic-borne disease which iinades and 
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destroys contiguous tissues, the indication for removal of all active foci is clear The 
strictures about the colostomy stomata were interpreted as an extension of the granu- 
lomatous process previously noted via rectal lymphatics into sigmoid loop Furthermore, 
the status of the sectioned colostomy precluded the possibility of reestablishing con- 
tinuity of the intestine, so that the distal sigmoid loop and rectum served merely to 
harbor a dangerous progressive infective focus 

Opoafwn — May 5, 1938 (Dr John H Morns) A plastic, extrapentoneal resection 
of the distal three inches of the stnetured proximal stoma was performed The hernia 
in this region was then repaired and new stoma established After recover> from this 
procedure the patient was discharged to the O P D , but was again admitted for final 
operation, August 3, 1938 At this time the distal sigmoid stoma was freed, the sigmoid 
and rectum mobilized from above, and the operation completed by perineal removal The 
postoperative course was uncomplicated The abdominal wound healed per pnmam and 
the perineal wound closed by granulation within six weeks 

Pathologic Examination — Gioss Path No 3474-38, Doctor Johannsen Perianal 
skin shows no new growth or sinus opening and anal mucosa is well preserved On sec- 
tioning the tumor, it is seen that the rectum describes a tortuous course through the mass 
Wall of rectum i 5 to 2 cm thick and tra\ ersed by radial bands of yellow, fibrous connec- 
tive tissue Lumen patent, but occluded by pressure from without Mucous membrane 
necrotic Mio oscopic — Complete destruction of normal architecture Few areas show 
muscle fibers Section, in mam, is made up of dense connective tissue in which cellular 
reaction is scant There are, near the lumen, a few areas of lymphocytes fairly well 
walled-off Pathologic Diagnosis — Chronic productive inflammation 

Picscnt Status — Patient still complains of some distention after eating, and general 
weakness of the abdominal muscles Bowels moving normally through stoma Weight, 
however, still subnormal 

Comments — This case is presented as an example of a rather severe de- 
gree of lymphogranuloma inguinale m which suigical therapy seemed to be 
the sole indication The significance of the evidence pointing to the extension 
of the disease process to involve the sigmoid loop is appaient and definitely 
places this condition in the surgical field, unless some more effective conserva- 
tive method is devised 

Discussion — Dr W Howard Barber (New York) thought that Doctor 
Moms had very well described a typical case of lymphogranuloma as it is seen 
at Bellevue Hospital The cases, when they come to surgery, are chronic, al- 
most hopeless, badly depleted physically, obstructed, suffering from pain and 
tenesmus, and having consideiable bloody and purulent discharge from the 
rectum Appaiently, the infection spieads not only through the lymphatics 
but also thiough the portal blood, and not only by continuity but through the 
wall of the colon, giving rise to quite extensive ulcerative colitis in some cases 
The pai amount suigical indication is drainage and the best means to obtain 
drainage is by resection Doctor Barber cited personal records of 26 cases 
opeiated upon — one plastic opeiation, two colostomies, and 23 resections, five 
of which weie sacroperineal, and 18 abdominosacropenneal Of the resec- 
tions, four were lost, thiee being veiy advanced cases with extensive colitis 
extending well into the descending colon From the follow-up on these cases 
it appears that they increase in w^eight, feel very much improved, and learn 
to control the artificial anus On the whole, one feels quite encouraged to 
continue this line of attack in instances of lymphogranuloma during the ad- 
vanced chronic stage with rectal symptoms 
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Dr Henry F Graham (Brooklyn, N Y ) felt that the important factor, 
in cases of lymphogranuloma, is to avoid extensive operation by early diagno- 
sis, and descril 3 ed a case on his service thought to be a very early one of 
lymphogranuloma The patient, a young man, came in with maiked rectal 
tenesmus and sphmcteric spasm Proctoscopy revealed a very red anal canal 
with the lower two or three inches of the rectum involved and showing plaques 
of fibrin on the surface The Frei skin test was positive The patient was 
given the Elliott treatment with the rectal bag about lO times and then was 
transferred for intravenous antigen treatment At the time of his dischaige 
from the hospital theie was marked improvement in his local condition A 
similar case was seen in St Mary’s Hospital some time ago While thei e was 
some tendency to stricture formation, it was found that the best results weie 
obtained with diathermy through a rectal applicator It would be mteiesting 
to try to make an earlier diagnosis, followed by heat treatment m addition to 
antigens 

Dr Frank B Berry (New York) said that about five years ago he read 
a paper on this subject before the Surgical Section He had followed about 
25 cases over a peiiod of lo years The disease is ceitainly not always pro- 
gressive, but has a tendency to stay localized without progressing furthei up 
the colon Some of the cases he described were permanently relieved by 
simple colostomy 

Dr John H Morris, m closing, said that the important factor, of course, 
IS whether or not operation is justified Many of these cases can be cleaied up 
by conservative methods but in the case reported it seemed utteily futile to 
waste time, especially in a patient in whom there n as quite definite evidence of 
the progression of the condition into the sigmoid loop Roentgenotherapy, 
antigens, etc , would have had little or no effect on this type of pathology and 
would hardly have been worth instituting 


CARCINOMA OF THE PAROTID GLAND IN A YOUTH 

case report 

Thomas C Case, M D 
New York, N Y 

SEHMCE or SECOND SURGICAL DIVISION, ST MNCENT^S HOSPITVL, NEW lOHK, N 'k , DR R I» SULLI\AN, DIRECTOR 

Tumors of the parotid gland comprise a group of infrequent and intei- 
esting neoplasms The occurrence of a carcinoma of the parotid m a child, 
age II, It was thought, was of sufficient rarity to warrant reporting The only 
reference to its appearance at so early an age was by Jamlion,® in 1904, who 
reported a case of epithelioma m the anterior prolongation of the parotid 
gland in a child, age six However, 111 his report the author was unable lo 
state Mith surety whether the tumor originated from the parotid gland or 
whethei it was an ectodermic cancer which developed secondarily in the pa- 
1 otid gland The malignant nature of the case herein reported was unsuspected 
until the pathologic examination was made 
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Case Report — Hosp No 40286 C L , white, female, age 1 1, was admitted to St 
Vincent’s Hospital, August 21, 1938, with the complaint that she had two swellings, one 
on the right side of her face and the other on the right side of her neck Whereas the 
latter had been piesent on the side of her neck since she was a baby, the former had 



Fig I — The tumor is composed of lTrp:e poI\hedr'il cells closeh mTssed to 
gether into brOTd columns (11 and E stain, Io\% pouer ) 


become noticeable only about one ^car ago Tins tumor had become slowlv but pro- 
gressively larger during the latter part of the year Neither of the growths was painful 
or interfered with mastication She was observed for six weeks prior to admission 
to the hospital, during which period there did not appear to be any appreciable change 
in the size of the growths 



Tig 2 ’ — A duct within the tumor from the fundus of winch a centripetal 
growth of cells is taking place (H and E stains, low power) 


Physical Examination revealed a well developed and well nourished child Her 
general physical condition was essentially negative 

Local Condition — Tumor of the Right Parotid Glaivd A round tumor mass, 
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measuring 2 s cm m diameter, was intimately attached to the superior portion of the 
right parotid gland Externally, it was situated just anteiior and somewhat inferior to 
the tragus of the right ear The mass appeared to be superficial, was not tender and 
felt rather firm and smooth on palpation It could be moved from side to side and in 
a downward direction but not upward without causing pain The mass did not appear 
to be attached to the sui rounding tissue except at its most inferior portion The o\er- 
lymg skin was freely movable and did not appear inflamed The facial nerve did not 
appear to be involved 

Tumor of thc Neck The mass in the neck was located just anterioi and inferior 
to the angle of the right mandible and appeared to be attached to the inferior portion of 
the right submaxillar} gland It was almond-shaped, measuring about 2 cm in length 
and I S cm in width The growth was situated rather deeply, felt firm, smooth, and was 
not adherent at any point There was no pulsation in either of the tumors 

Laboi atoi y Data — ^The blood constituents were normal and the blood Kahn was 
negative Urine Negative Temperature and pulse normal Roentgenologic exam- 
ination of the right parotid gland region, May 17, 1938, revealed numerous dense shadows, 
of varying sizes and shapes Roentgenologic Diagnosis Calcification of tissues in the 
region of the right parotid gland 

Opeiatwe Pathology — The inferior margin of the growth m the parotid region was 
found to be intimately adherent to the superior portion of the parotid gland The mass 
in the region of the submaxillary gland was somewhat more deeply situated, and was 
adherent to the underlying muscles 

Opel ahvc Pi ocediii c — An incision was made over the tumor in the parotid, the skin 
dissected away and the mass exposed It w'as dissected aw^ay from the surrounding 
tissue and removed Duiing the procedure branches of the facial nerve w'ere exposed 
and retracted They appealed to he along the upper border of the mass The sub- 
maxillary mass was excised without difficulty 

Pathologic Examination — Gioss Di Antonio Rottino, Path No 18174 The speci- 
men consists of three irregular masses, measuring 2x2x2 cm , ixj 4 xJ 4 cm and 3x1x1 cm , 
respectively The first two consist of dense, chalky, calcified amorphous material, sur- 
rounded by a small amount of loose areolar tissue The third is solid, firm and composed 
of homogeneous gray tissue subdivided into small lobules by fine, barely visible, septa 

Mici oscopic The latter mass is found to be composed of two portions, normal parotid 
gland and tumor Between the twm is a thin, dense, hyalmized fibrous septum The tumor 
is composed principally of broad irregular sheets of large polyhedral cells having dis- 
tinct cell outlines and cleai cytoplasm (Fig i) Where the cells are not so closely 
applied, small intercellular budges are visible betw'een them The cell type is uniform 
throughout Mitotic figures are not seen In several portions of the tumor, ducts are 
found which are identical m appearance to those m the normal portion of the gland 
From the fundus of one of these there is a centripetal piling up of cells similar in appear- 
ance to those growung elsew'here m sheets (Fig 2) Tumor growth w^as found m the 
lymph channels Pathologic Diagnosis Primary epidermoid carcinoma of the parotid 
gland 

Postopeiative Com sc — Following operation a hematoma developed at the site of 
excision, causing facial paralysis Nothing w'as done about the hematoma because it w'as 
felt It w'ould undoubtedly resolve spontaneously without complications The child’s tem- 
perature came down to normal on the fourth postoperative day, and she w'as discharged 
on the tenth postoperative day, wuth both wounds well healed 

Sitbsequciif Com sc — One month following operation the child began to receive 
roentgenotherapy at the Memorial Hospital, New York The progress of her condition 
appeared to be satisfactory, four months after operation The facial paral}sis had prac- 
tically completely cleared up and there did not appear to be an} recurrence of the tumor 
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Discussion — The clinical diagnosis of parotid tumoi is usually easy, but 
to diffei entiate benign fioni malignant growth is rathei difficult and often im- 
possible The most common growths of the salivary glands are mixed 
tumoi s, 90 pel cent of which aie located m the parotid gland according to 
Neil These tumoi s may occui at any age, one having been reported in an 
infant seven months old The peiiod of gieatest incidence is between the 
ages of 30 and 6o 

In leviewing the hteiatuie, piimaiy caicmoma of the paiotid gland ap- 
peals to be an extiemely raie condition Ewing- does not believe that pure 
malignant epithelial tumoi s of the salivary glands are rare and maintains 
that the caicinomata usually develop lapidly and while at fiist they may be 
encapsulated, they soon invade the gland, the capsule and regional nodes 
Howevei, ovei a peiiod of 24 years, at the Bernard Free Skin and Cancel 
Hospital (St Louis), 65,000 patients weie seen and 70 presented themselves 
with paiotid tumoi s Fifty per cent of these were malignant The age of 
patients with malignant paiotid tumors vaiied fiom 31 to 84 In the gioup 
tieated suigically, at the above clinic, micioscopic sections showed 14 malig- 
nant mixed tumoi s and three squamous cell caicinomata A modeiate num- 
ber of investigatoi s agiee that there is a ceitain percentage of the simple 
mixed tumoi s which definitely undergo malignant degeneration (25 per cent) 
Stem and Geschickter^” made a study of 241 cases of paiotid tumors and 
found only 20 pei cent of them to be malignant They found that the malig- 
nant lesions usuall}'^ occui red m pei sons ovei the age of 45, and that they have 
a fairly lapid rate of growth, uith an aveiage duration of foui years On 
microscopic examination, the tissues levealed adenocystic basal cell features 
They maintain that the giowths with the basal cell features are moie prone 
to recur aftei tieatment 

Prognosis — The consensus of opinion is that m caicmoma of the parotid 
gland the piognosis is very bad A^eiy few patients have been cured and ex- 
tensive radical excision with radiation seems to be the only hope Swmton 
and Waiien^ lecently repoited foui cases of epidermoid carcinoma, with one 
death after one and one-half years and two otheis with no recurrence aftei 
two yeais and the fouith with no recurience after four years * 

The tumoi leported in this case was encapsulated and calcified m its uppei 
poition but apparently infiltrating m the lowei pait The infiltrating poition, 
which has been described in the pathologic report, was an epideimoid carci- 
noma, not very malignant, and one which does not tend to metastasize lapidly 
It is hoped that its earl)'- excision, followed by ladiation, may afford the patient 
a cure The prognosis is, howevei, leseived 

CONCLUSIONS 

(i) A case of primaiy carcinoma of the paiotid gland is heiewith le- 
poited in a child, age ii 
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Aumbei i 

(2) The early excision of the tumor and intensive ladiation may effect a 
cme, howevei, the prognosis is reserved 

(3) This case emphasizes the importance of caieful pathologic examina- 
tion of a specimen and possibly the importance of the early removal of any 
paiotid tumor regardless of how innocent it might appear clinically 
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A COAGULATING SUCKER FOR USE IN NEUROSURGERY 

Henhy Heyl, md 
Boston, Miss 

from the neurosurgical department of the LAHEl CLINIC, BOSTON, MASS 

For the last two years we have had m active use an iiistiument which we 
find sufficiently helpful to warrant description It is a combination of suction 



Fig I — The combined metnl sucker and electrosurgical attachment as used The wire 
and tubing held together by rubber bands 

and electrocoagulation (Fig i) The sucker is the metal instrument (Frazier) 
made b}' Pilling, a set screw placed near its proximal end provides for the 
optional attachment of a U-shaped electrode connected with the unit used 
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foi electi ocoagulation, in oui case the Buidick instrument (Fig 2) During 
use the suction tul^ing and the wne leading to the coagulating units are held 
togethei by two iiibbei bands It can thus be as easily handled as the un- 
modified suckei Electi 1C cuiient is sent thiough the metal suckei by piessure 
on a foot pedal 



Fig :: — Detail of attachment (A) Tj shaped electrode on wire to be attached at set 

screw (B) on suckei 

The instillment seems paiticulaily helpful in proceduies where lapid co- 
agulation m a model ately moist field is desirable The fact that suction is 
applied at the moment of coagulation insures maximum efficiency and minimal 
spiead of electi ical tiauina Opeiative technic on the scalp (bone flap) or 
back muscles and fascia (laminectomy) is much facilitated by its use 

The device was made with the technical assistance of the Hillei and Heuser 
Company of Boston 


ERRATA 

In the article by Drs Roj^ D McClure, F W Hartman, J G Schnedorf and 
Victor Schelling “Ano'wia A Source of Possible Complications in Surgical Anesthesia” 
Annals or SuRGrR\, no, 835-850, November, 1939, on page 835, line 2, the last word 
should read “necrosis” instead of “narcosis” , and on page 846, line 3 from the bottom, the 
seventh word should read “for” instead of “from ” 
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CONSIDERATIONS IN THE USE OF ULTRAVIOLET RADIATION 

IN OPERATING ROOMS 

Cornelius J Keaissl, M D , J Grier Cimiotti, B S , 

AND Frank L Mbleney, MD 

New Yohk, N Y 

FROM THE BACTERIOLOGICAL RESEARCH L^BORATOBl OF THE COLLEGE OF PHYSICIANS AND SURGEONS, COLUMBIA UNITER- 
SITi, and the DEPARTMENT OF SURGERY OF THE PRESBYTERIAN HOSPITAL, NEM YORK, N Y 

During the past decade increasing interest has led to many studies of the 
various factors which affect wound healing in an effort to reduce the complica- 
tions which may threaten the patient’s life or may prolong the stay in the 
hospital 

The factor to which greatest attention has been directed is infection, and 
every effort has been made to determine the various sources of wound con- 
tamination That eveiy wound is contaminated is accepted by nearly every 
surgeon By improvements in technic in obliterating dead spaces, minimizing 
tissue trauma, and preventing hematoma, the contaminating organisms will 
not find suitable cultural environment, but the length of time required to 
execute a meticulous technic prolongs the time of exposure of the wound to 
the various sources of contamination Among the most important of these 
are the skin of the patient, the materials and instruments coming m contact 
with the tissues either directly or indirectly, and the operating personnel who 
may harbor organisms on their hands, clothing, shoes, and noses and throats 
These organisms may fall on the floor, contaminate sterile materials, or be 
disseminated in the air to fall later on the sterile field 

Twenty-five years ago. Brewer^ was among the first to conscientiously 
determine the frequency of operative wound infection He laid particular 
stress on scrubbing the hands and advised w^earing rubber gloves In 1926, 
Meleney®® emphasized the importance of adequate masking when he identified 
a hemolytic streptococcus found in a hernia repair wound wath a similar 
organism found in the nose and throat of one of the nurses on the operating 
team The necessity for masking both nose and mouth has been emphasized 
by Davis, Walker,®^ and Waters*''^ Dandy^® and, more recently, Walter®® 
have stressed the importance of the effectiveness of the sterilizing apparatus, 
autoclaves, instrument steiilizers, etc Tinker, Scott, and others^^ 
reported upon their experiences wnth agents advocated for skin “sterilization ” 
A number of authors have demonstrated the possibility of wound contamina- 
tion from improperly sterilized suture materials, especially catgut In 
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1935, Meleney^® lepoited a nine-yeai study of operating room technic indicat- 
ing the impoitance of closing all of the doois through which contamination 
may come and showing the advantages of silk ovei catgut in rendering the 
wound a less fertile soil foi the growth of contaminating oiganisms, a thesis 
fiist held by Kochei^® and later by Halsted -- The philosophy of the “silk 
technic” has been described by Whipple,*’" in 1933 Complete clinical and ex- 
perimental evidence was given to show the supei 101 ity of silk over catgut in 
clean wounds, pioviding that the precautions of its use weie observed Its 
value was fuithei emphasized in the repair of abdominal wounds*’^ where the 
pioper method of employment was given 

In the earliest days of antiseptic surgei)% Listei consideied the air as a 
piobable souice of infection, and carbolic spray was used to kill organisms m 
the ail It w^as soon evident, how^ever, that other sources of contamination 
were equally important and attention w^as diiected tow^ard them Air as a 
source of contamination w'as neglected and Chaplin,’*’ in 1914, WTote that a 
gieat deal of the theoiy of an -home infection w^as unsupported 

Recently, moie seiious consideiation has been given to the air as an impor- 
tant source of wound contamination Meleney*® found that ten times as many 
colonies developed on plates exposed duimg an opeiation as on plates exposed 
111 the same opeiating looin while no opeiation was being pei formed He 
estimated that betw^een 30 000 and 60.000 viable organisms fell upon the 
“steiile” field duiing the course of an houi's operation 

The lelationship of w'ound infection and the patient’s postopeiative course 
to the bacteiiologic content of the an in operating rooms W'as showm by Drets 
and Diago The}' found that wdien the ojieiating team came into the room, 
the normal an contamination was laised 32 times 

Interest m combating an contamination was stimulated by Wells, m 
1934, wdien he show'ed that moistuie dioplets fioiii the nasophar}nx do not 
necessaiily fall to the giound, but remain suspended m the an and may be 
considered responsible for tiansmission of lespiiatoiy disease The size and 
viability of the organisms are the impoitant factors He’’’’ studied the effect 
of ultraviolet radiation on certain species of bacteiia 111 the an and found that 
they could be destioyed Fuither studies w'eie made on the wabilit} of aii- 
borne organisms and then relation to coiiiniuiucable diseases wdiich might 
arise in schools, hospitals, and othei public buildings 

The application of ultraviolet radiation for sterilization of air m the operat- 
ing room w'as described by Hart,"^ in 1936 He found that the usual precau- 
tions of sterile technic did not contiol infections m Avounds of major pro 
portions such as thoracoplastic proceduies unless bactericidal ultraviolet 
generators were employed He emphasized the employment of ultraviolet 
radiation, from a souice essentially monochiomatic, Avhich Avould have the 
highest bactericidal and the least eiythemal effect He used a clustei of eight 
tubes at a distance of five feet from the operating lOom table The bactericidal 
effect was detei mined on Seeded plates and it was found that the intensity 
was sufficient to kill the organisms 111 less than one minute at 54 inches It 
was fuither stated that this intensity ivould cause only a transitory erythema 
on a blonde subject after 80 minutes’ exposure In an experimental animal 
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study, adhesions in exposed visceia were said not to be inci eased ovei those 
of the controls Hait has reiteiated the safety of these doses in his most 
recent publication 

The patient’s comse of hospitalization in Halt’s lepoits \\as extiemel}' 
satisfactoiy and showed a mateiial reduction in postopei ative temperatuie, 
and a tremendous i eduction m the incidence of wound infection Most of his 
cases were thoi acoplasties but latei other operations w^ere lepoited-"^ to have 
been performed w'lthout hazaid 

On the othei hand, in attempting to estimate the efficiency of radiation 
from a dififeient type of geneiator to sterilize the an m infants’ waids. Major 
and Wildei®^ found no appieciable diffeience in bacteiial colony counts be- 
tw'een a w^ard ladiated with ultiaviolet and a contiol w^aid No mention was 
made of the quality or intensity of ladiation 

The lay pi ess as w^ell as most of the medical publications^*^ have desciibed 
the use of ultiaviolet ladiation as being veiy efficient and any hazaids con- 
nected with Its use have been either neglected or minimized It is the pui- 
pose of this papei to lepoit our obseivations dtiiing foui }eais of study and 
to caution suigeons wdio contemplate its use to determine that the radiation 
has the most effective bacteiicidal quality, that the intensity of the ladiation is 
sufficient to materially i educe the bacterial content of the an and, not so gieat, 
over a given peiiod of time, to do tissue damage 

Physical Comidei ations — Without enteimg too deeply into a discussion of 
physics, it may be w^ell foi us to considei biiefly the fundamental natuie of 
ultraviolet radiation It will be at once appaient that the teim ultiaviolet 
“light” IS a misnomei as light is only that part of ladiant eneigy wdiich 
lenders objects visible The lelationship of ultiaviolet ladiation to visible and 
mfia-ied lays may be best appieciated by the diagiam.'*'^ shown in Figuie i, 
the numeials of wdiich aie appioxnnate values 

Ultraviolet Visible Infra-Red 

136 A to 3,900 \ 3,901 A to 7,700 A 7,701 A to 4,000,000 \ 

(An Angstrom unit is 1/10,000,000 millimeter) 

Fig I — Showing the relationship of ultraMolet radiation to visible and infra red ra>s 

To deteimine the “quality” or wavelength of radiation from any given 
source, it is necessaiy to examine it with a spectrograph This consists 
basically of a quartz pi ism and an appropi lately luled scale A photographic 
plate is exposed and gives the lines of emanation fiom the generatoi 

Radiant eneigy geneiatois'**’ aie of thiee mam types Tempeialure 
ladiators such as (r) the sun and filament lamps, which give a continuous 
spectium, (2) arc lamps which radiate a mixed spectium, and (3) lapoi 
dischaige lamps which ladiate a discontinuous line spectium (Fig 2) Be- 
cause theie IS moie heat than ultiaviolet ladiation associated with the fiist 
two types of generatoi s, it is not logical to consider them as a souice for the 
1 ays w ith wdiich w e ai e iiow^ chiefly concerned The thii d t} pe, namely, vapor, 
and paiticularly mercuiy vapor dischaige lamps, are the only ones gning a 
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Fig 2 — Spectrograph showing t\pc of radnlion from different t>pes of generators (Laurens^l) 
The first pair of spectrograms ire of the iron arc (6 A, 35 V), exposures of 20 and 60 seconds, 
respecti\el> The second pair are of the mercur> arc m quartz (s A 70 V), exposures of two 
and five seconds respectivel> The next single spectrogram is of the flaming carbon arc (28 A 
60 V) exposure of five seconds The bottom spectrogram is of the sun taken on May 24, 1928, 
at II AM exposure of i s seconds 



Fig 3 — Curve showing relationship of bactericidal effect (Ehrismann and Noethling^O) to 
the erythema effect (Coblentz ct al 
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large part of their radiation in the ultraviolet specti uin Howevei , as will be 
seen subsequently, not all mercury vapor dischaige lamps give off the same 
type of ladiation m this spectrum The “quality” or length of waves emanat- 
ing from such a source depends on the natuie of the gas oi gases and the filtra- 
tion of the container m which the discharge takes place 

The physiologic effect of any wavelength of ladiation is extiemely critical 
This is best bi ought out by considenng the different colors in the visible pait 
of the spectrum Fiom one end of the coloied spectrum to the other, the 
violet lays differ fiom the red by about 35/100,000 of a millimetei The rays 
yielding blue light differ in ivavelength from the lays yielding gieen light by 
only 5/100,000 of a milhmetei So that, when ve consider radiations 111 the 
zone of shorter wavelengths, it might be expected that rays varying only 
slightly in length might produce quite varied physiologic results 

That there have been differences in the effectiveness of different wave- 
lengths of the ultiaviolet spectrum was appreciated at a relatively earl)^ date 
Barnard and Morgan," m 1903, stated that the most effective bactericidal 
range lay between 3,287 A and 2,265 Henrr^^ also found that the action 
was greater as the wavelength deci eased but that the short rays were less 
able to penetrate protoplasm Newcomer®^ narrowed the zone of optimum 
bactericidal action to the region between 3,000 A and 2,150 A In 1918, 
Bovie"* demonstrated that paramecia were best killed at 2,800 A Further 
bactericidal work on various organisms by many obseivers was summarized 
111 Coblentz’^^ work, in 1935, in which the most effective range was found to 
be in the shoiter wavelengths and rapidly diminished at 3,650 A The curve 
of Ehrismann and Noethhng^® has its peak at 2,537 ^ diminishes to 

nearly zero at 3,000 A Coblentz^^ also studied the eiythema pioduction of 
vaiious wavelengths on the untanned human skin and his curve is shown on 
the accompanying chart compaimg it ivith the bactericidal effect of Ehrismann 
and Noethling (Fig 3) 

Many theories have been advanced regarding the photochemical effect of 
ultraviolet on bacteria It ivas at first thought that ceitain w'avelengths w^ere 
specific for different bacteria This assumption ivas not confirmed by Bayne- 
Jones and Van der Lingen Bedford^ believed that the effect w as obtained 
through the production of hydiogen peroxide ivithm the organism Burge® 
believed the action to be due to a coagulation of the protein rather than any 
action on intracellular enzymes and he demonstrated its effect on immature 
paiamecia rather than on the moie mature foims Rentschlei confirmed 
this wnth respect to Bacillus cob, and by properly timing the cycle was able to 
materially reduce the amount of radiation necessary He suggested that the 
effect is probably dependent on the squaie area exposed, as adult bacteria 
about to divide are almost twice as large as the young forms 

The effect of ultiaviolet radiation on multicellular organisms has been 
appreciated for many years Bernhard,® m 1902, reported the use of sunlight 
on wounds and was veiy enthusiastic in a lepoit of its healing property m the 
tieatment of a long-standing suppuiative wound Later, he used aitificial 
ultraviolet foi this purpose RollieH" used sunlight alone very successfully in 
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ti eating patients with tiaumatic nijunes as well as tubeiculous patients 
Rasero/® in 1922, advocated the use of an aitificial quartz buinei with pio- 
giessive intensity in ti eating wounds and ulceis Toiiaca, from 1921 to 
1924, exj^ei imenting with guinea-pigs, found that wounds exposed to sunlight 
healed better than otheis 

Befoie any consistent lesults can be obtained with a physical agent, one 
must know how much of this agent is being used Inasmuch as ultiaviolet 
radiation extends ovei a spectial band, it is necessaiy to have a method of 
determining how much radiation is being given off m each of the dominant 
bands 

A history of the vaiious methods of measurement has been compiled by 
Lauiens^^ At the present time there aie two mam methods (i) Those 
based on biologic 01 photochemical leactions which measuie a gioss intensity, 
and (2) those which employ accuiate physical methods such as described by 
Coblentz He used a complicated appai atus consisting of a photo-electric 
cell, a balanced amplifiei, and a nncio-ammetci which will measure minute 
intensities m the vai lous specti al bands of the sun’s radiation 

A simpler form of ladiometer has been developed by RentschleH® and ac- 
cepted b}^ the Ameiican Medical Association*'^ This has been designed to 
measuie intensities of ultiaviolet ladiations fiom aitificial souices By alter- 
ing the type of glass filtei fiom which the bulb is made and having a metal 
which IS sensitive to a paiticulai wavelength lange, the radiometei is given a 
selective lange and will measuie the quantity of ladiation m that lange Three 

O 

cells aie available the thorium, measuimg the range fiom 3,200 to 3,700 A, 
the titanium, measuring the lange from 2,700 to 3,200 A, and the tungsten, 
below 2.700 A (Fig 5) The intensity is lead diiectly m “clicks per minute’’ 
which IS an empiiic value foi each instiument 

Physicists^- and manufactuieis of ultiaviolet geneiatois’ weie con- 
sulted and pioved to he of gieat help m obtaining expeiimental equipment 

Our pielimmaiy expeiiments weie peifoimed with a mercuiy vapor quartz 
tube, such as is m geneial use by physiotheiapists This w^as discarded be- 
cause of its lack of mechanical adaptability The next type of tube w^as moie 
adaptable and had similar output chaiacteiistics but w^as of greater intensity 
Howevei, it was found to covei too wide a lange of the ultiaviolet spectrum 
including the ozone pioducmg lange The third type attempted to coirect 
the faults of the second by putting an outei jacket ovei the quartz tube, the 
space between containing dilute acetic acid This jacket and fluid filtei ed 
out the shoiter ozone producing rays and a large piopoition of the higher 
wavelengths 

At this stage of our eaily experimental studies, a fourth ultiaviolet gen- 
erator was made available which was developed by James,-** m 1930, and 
applied by Rentschler It has been desci ibed by Shai p**^ as a low^ pressure 
meicury vapoi discharge through a glass tube peimittmg a “high transmis- 
sion” m a naiiow zone and is said to give an essentially monochiomatic output 

* Proper calibration for an instrument is available at the Bureau of Standards, Wash- 
ington, D C 
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in the wavelength 2.537 having 88 per cent in this field, the remamclei 
l3nng above 2,000 A A spectiogiaph of this is shown in Figuie 4 and may be 
compaied to those shown in Figure 2 The experimental generatois weie 
compaied qualitatively and quantitatively by means of three diffeient ladiom- 
etei s and the 1 esults show that the maximum intensity of 1 adiation was gn en 


I I I I I MM ^1 ^ I' • , 

I I I I I I M M I I I II I 


Fig 4 — Spectrogriph, >Mth the monochrom'itic generator (SharpSi), ©f the lamp 

output at 27 Ma of current 

off 111 the zone 2,000 to 2,700 A fiom all three geneiators The monochi omatic 
geneiator and the jacketed quaitz tube piactically limit their rays to this zone, 
but the quartz buinei. without the jacket, peimits a consideiable portion of 
lays in the zone 3,200 to 3,700 A to come thiough and also emits the shorter 
ozone pioducing lays This mai'^ be seen in Figure 5 


Range 

Distance 

Monochromatic generator 
Quartz burner with jacket 
Quartz burner without jacket 


Tung'ften Tube 
2,000-2,700 A 
100 cm 
8 S c /m 
10 5 c /m 
13 o c /m 


Titamnm Tube 
2,700-3,200 A 
50 cm 

0 5 c /m 
r 0 c /m 

1 0 c /m 


c /m = clicks per minute 


Thorium Tub'* 


3,200-3,700 A 
25 cm 
o c /m 
o c /m 
9 c /m 


Fig 5 — Shoeing the relatixe time of penetration using different tubes between the monochromatic 
generator and the quartz burner Iioth ^^Ith and AMthout a jacket 


It IS appaieiit that the jacket 1 educed the eiythemal lays emitted by the 
quaitz tube, although it still passed twice as much as the same intensity of 
the monochi omatic generatoi Also, the jacketed quaitz tubes are much 
smallei than the monochi omatic generatois and make up foi their size by an 
inci eased intensity 

Dcfammation of Tissue Injuiy — ^Without considering the general bio- 
logic effect on metabolism, cii dilation, and blood, the local effect is of con- 
sideiable inteiest Photochemical changes in tissue aie dependent upon the 
absoiption of the rays by those tissues The vaiious waves in the ultraviolet 
spectium penetrate below the skin foi variable depths (Fig 6) 

The two measurable chemical changes following the radiation of skin are 
the production of tyiosme, which forms the pigment in the skin, and the 
change of hist^hne to histamine,-^ ^\hlch may be developed in sufficient quan- 
tity to produce local 01 general effects When we expose visceial tissue to 
this 1 adiation, the problem is somewhat different While there is no tyrosine 
reaction, which probably occurs only in the skin, the his^lme-histamine 
changes do occur and may be sufficient to cause a more profound local 01 
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general effect Moreover, in the skin, certain rays are filtered out, while in 
the visceral tissues this filtration does not occur to the same extent It is, 
therefore, more important to expose visceral tissue to only those rays which 
are relatively harmless and foi periods of time which can be tolerated 

It was thought that we might standaidize the dosage of radiation by de- 
termining the quantity which produced adhesions in a loop of guinea-pig 
intestine The animals were operated upon undei nembutal anesthesia and 
aseptic precautions weie observed The abdomen was shaved and prepared 
with iodine, which was removed with alcohol Aftei propei draping, an 
incision was made and a loop of small intestine, approximately 8 cm in 
length, was exposed to the radiations, during which time it was kept 
moist with saline solution After exposure, the incisions were closed with 
three silk sutures through the whole wall and a diessmg of collodion applied 



Spectral transrmssion /or different skin layers (Bachem) 

1 Corneum 0 03mm thick 

2 Epidermis 0 03 „ „ 

3 Epidermis and papillary 0 50 „ „ 

4 Epidermis and corium 20 „ „ 

The thicknesses stated correspond approximately to nature^ 

Fig 6 — Penetration of skin (Seitz^O) 

The animals which survived weie sacrificed after one week and the viscera 
examined 

As has been indicated before, our first studies were made with a rather 
intense quartz burnei giving a high output ovei a wide range of the ultia- 
violet spectrum, as is indicated m Figure 2 Figure 7 shows a loop of guinea- 
pig intestine, completely gangrenous, exposed for 15 minutes at 18 inches 
to this generator The jacketed tube was then used in a similar manner 
This caused slight adhesions in a 15-minute exposuie at 36 inches, as well as 
at 18 inches (Fig 8), and is still consideied a harmful effect Further studies 
on adhesion production were made with the jacketed quaitz tube and it was 
found that they were consistently produced in 15 minutes at 18, 36 and 45 
inches 

Similar studies weie then made with the monochromatic generator The 
criterion of adhesion formation was the agglutination of loops of the exposed 
intestine (Fig 9) Detailed micioscopic studies were made of the effect of 
this radiation upon guinea-pig intestine Figure 10 show’-s a cioss-section of 
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normal gumea-pig intestine The seiosa is smooth and thin, and the relative 
size of the vessels may be seen in one aiea The effect m a guinea-pig sacri- 
ficed two horns after ladiation at an intensit)'’ of 33 clicks pei minute for 15 
minutes, is seen 111 Figuie ii This section shows a led and white cell ex- 
tiavasation just beneath the delicate serosal layei with slightly enlarged 
vessels and edema developing m the walls Employing the same dosage, an 
animal, sacrificed 24 houis aftei ladiation (Fig 12), shows the edema and 
blebs to be more evident as well as the tiemendous dilatation of the vessels 
surrounded by an edematous mesenteiy A moie advanced leaction is to be 
seen aftei thiee days (Fig 13), in \\hich there is also evidence of degeneration 
of the glandulai elements At the end of a week, a section (Fig 14) taken 

thiough an area of adhesion 
sho^\s extensive glandular de- 
struction A higher magnifi- 
cation of Figure 14 shows that 
the fibi inous adhesions are be- 
ginning to organize although 
evidences of inflammatory re- 
action still peisist (Fig 15) 
Because of these leactions, 
it was felt that it was impoitant 
to deteimine just how much 
ladiation the viscera could tol- 
eiate of diffeient intensities for 
vaiymg peiiods of exposuie 
The lesults of this study are 

Fig 9 — Showing: ntlhesions piocluced !>> the mono 1 CCOl clcd 111 FlS'lirc l6 XllC 

chromatic generator — 54 inches, 33 clicks ptr minute for o 

IS minutes uumeiatoi of the fractions in- 

dicates the incidence of adhesion foimation and the denominator the total 
numbei of animals exposed at the paiticulai intensity and peiiod of time indi- 
cated From this mfoimation a cm ve of safety was diawn below which it was 
felt that exposuie would not produce adhesions It will be noted that aftei one 
hour, five out of ii contiol animals developed adhesions although the intestines 
were kept moist with saline solution during the entiie time Theiefore, this 
was taken as the longest time to expose visceia safely to an without ladiation 
Dctc) mmahon of Bacteundal Action — Having detei mined the safe zone 
of exposure in teims of intensity and time, it was necessai}^ to plot the 
previously determined bacteiicidal effect at these same intensities and times 
This was done using Sti eptococcw! Jiaeiiwlyticiis, Bacillus coli, Staphylococcus 
auieus, Sti eptococcus viudans, and Bacillus <iuhtilis The method was as 
follows A blood agai plate ^\as spiayed with a 24-houi cultuie of oiganisms 
diluted I too, the Petii dish was coveied with caidboaid except foi a small 
square opening m the centei, and the exposuies weie made for the indicated 
intensity and time One detei mination, on Staphylococcus auicus, is shown 
m Figure 17 The end-point foi this particulai detei mmation is six minutes 
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Kig 12 Photomicrograph one daj after radiation, sho^Mng the de\elopment of subserosal blebs 

and greater hjperemia 



Fig 13 — Photomicrograph, three days after radiation showing a beginning degeneration of glandular 

elements 

172 






■.Jv ..-*’£ ^»:;.r4asi3r, 4sr-5i3^S^^S»,a!;£:L-. .' 


j-'v^apiMit^irj j[^:;r!f- 7''^ 




■$. ' T-^ ^ 






A, '''^r.'w. i 

^ "•. •Si'* ^ ^t'-s^'-f/'i*' i''''?^tii 



V ^ ^ ■ 






I Pi r ‘ 


>n^ 


u -pI ^ - k J 

an'P^'croar.nx, ^ ^ 


O!” 


^ ‘ ,/ 


'« ZTl^L’^’-oSr^pj, ^ ^ C , 

j^o '^'“'°n at M.p^'^'afJon f/, 

Pofe'rT 




174 


(i cUck = 1 71 microwatts per square centimeter at i meter) 


Volume 111 
>» umber 2 


OPERATING ROOM STERILIZATION 


as the squaie is seen to have a shaip outline The average of a nuniher of 
similai expel iments indicated complete hacteiicidal action foi Staphylococcus 
ail) eus to be five minutes at 22 clicks pei minute It will be seen that the 
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Fig 17 — Photographs of seeded plates showing bactencidal effect on Sioplt^hcoccus 
aureus Intensit> 22 clicks per minute — end point six minutes 

lethal points for all organisms fall below the safety line so that there is an 
adequate margin of safety It is evident, theiefore, that one may still kill 
organisms on seeded plates with a lessei intensity than that which will injure 
gumea-pig viscera m the same period of time 

Our problem was to determine the effect of this relationship to the bac- 
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tencidal effect on oiganisms suspended in the an lieie we found confusing 
factors, such as variations in the an cui rents, size of dioplels of organisms, 
and hazaids to exposuie fiom the oiganisms themselves Many experiments 
vveie undei taken in an attempt to obtain consistent results, but it was not 
until a chambei was constiucted, as is shown m Figure i8, that any significant 
data was obtained 

This apjjaiatus consisted of a laige uppei chambei foui feet square with a 
coiiesponding space below divided into two paits and sepaiated from one 
anothei longitudinally by a paitition The side of one of the lower compart- 



Fig i8 — Shoeing the 'ipp'ir'itus used in deternuning the intensit> required to kill orginisms in nil 


ments was made of a thin cellophane window in Older to permit the passage 
of ultiaviolet ladiation fiom a monochi oniatic geneiatoi neaiby A diawei 
on the flooi of the two lower compaitments made it possible to expose Petri 
dishes and collect falling bacteiia Piehmmaiy tests showed that an appioxi- 
mately equal numbei of bacteiia fell and giew on the Petii dishes exposed m 
the diaweis of the two lowei compaitments The uppei chamber was 
sprayed vuth lo cc of a 24-houi cultuie of bacteria diluted i 100, which 
represented approximately ten to 50 million oiganisms per cubic centimeter 
It was found that one minute settling time of the bacterial spra)'^ in the 
upper chambei was necessary to evapoiate the fluid part of the culture and 
prevent droplets from forming on the exposed plates in the lower drawers 
The tops of the Petri dishes were opened aftei the ladiation was discontinued, 
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msuiiiig the fact that the organisms weie not destioyed after they had settled 
on the cultuie media of the dish The plates exposed in the control chamhei 
and those exposed in the radiated chamber weie then compared 

The intensity of ladiation was regulated by alteimg the distance of the 
monochiomatic geneiatoi It was found that theie was not as definite an end- 
point of lethal action m these tests as there was m the exposure of the seeded 
plate Some effect was piesent at as low an intensity as foui clicks pei minute 
These tests weie peifoimed at diffeient times so that the colony counts on 
the control plates vaiy considerably, though we may assume that the numbei 
of bacteria falling m the contiol and in the radiated chambers ueie the same 
ill any given test The relationships aie shown m Figure 19 



Test 

Control 

4 c /m 

51 colonies in i minute 

356 colonies in i minute 

6 c /m 

26 colonies m i minute 

1 18 colonies in i minute 

10 c /tn 

6 colonies in i minute 

220 colonies in i minute 

13 c /m 

3 colonies in i minute 

535 colonies in 1 minute 

16 c /m 

2 colonies in i minute 

327 colonies in i minute 


Fig 19 — Shows the effect of ultraviolet radiation on bacteria suspended in air 


Employing this method of detei mining bactericidal power in air, varia- 
tions were made in the tune of exposure, time of settling, and intensity of 
radiation We found that an intensity of 13 clicks per minute is required to 
kill bacteria falling a distance of thiee feet m one minute thiough the air, while 
it takes approximately nine minutes to kill the same type of oiganism on 
the seeded plate It may be said, therefoie, that, at this intensity, the radia- 
tions are nine times as effective m an as on the plate If the intensity is 
laised to 16 clicks per minute the effect in the an is only six times as efficient 
as on the seeded plate 

Sharp”^ also studied the bacteiicidal powei m air of this monochromatic 
generator, by means of a lather complicated apparatus which forced aitificially 
contaminated air, after ladiation, through liquid cultuie media This indi- 
cated absolute sterility because only one or two suiviving organisms would 
cloud the media if they were not completely destroyed He expressed the 
lethal intensity as 26,200 eigs pei squaie centimeter, while Gates-^ computed 
it in a similar manner as 30,000 ergs per squaie centimetei necessary to pio- 
duce sterilization on the seeded plate In a subsequent publication, Sharp^^ 
stated that m his opinion the ladiaiit energy required to kill various organisms 
on the seeded plate with the monochromatic geneiator should be used as an 
indication of the killing power in air Our experiments show that almost 
complete sterility is obtained much moie easily 111 the air than on the seeded 
plate 

In studying Hart’s^®- publications it was felt that the intensity of the 
radiation that he used is greater than is necessaiy to 1 educe the organisms m 
the air and may be in the danger zone with regaid to tissue injury As his 
generators were of the same type vhich we have used, w^e have calculated 
that the intensity of Hart’s ladiation at a distance of five feet was approxi- 
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malely 33 clicks pei minute Om statistics indicate that this is almost three 
times as gieat as animal tissues may be safely exposed to foi forty minutes 
The actual time of exposuie used by Halt was less as pads weie piobably 
used foi piotection 

Anothei appaient inconsistency ^\as the fact that Halt found a blonde 
subject sufteied only mild eiythema aftci 80 minutes’ exposuie at this as- 
sumed intensity of 33 clicks pei minute We found that at this intensity slight 
eiythema was pioduced on the mnei aspect of the human arm of a blonde 
subject in six minutes, becoming maiked at nine minutes and intense 
at 15 minutes Othei deteiminations with less intensity foi longei periods 
indicated that one hoiii’s exposuie at 13 clicks pei minute is the uppei 
limit of safety to avoid eiythema 

Piocfical Apphcalwin — Air contamination in an opeiating 100m may be 
determined in a numbei of ways Wells''" has devised a suction aj^paratus 
with which he may take samples of a given quantity of an 111 an operating 
room The oiganisms contained theiem are deposited diiectly on an agar 
surface wdieie they may be cultuied, but theie must be consideiable quantities 
in the an befoie significant lesults can be obtained 

A simple method, and one wdiich is more indicative of the contamination 
of a steiile field as it actually occuis, is to expose a blood agai plate on or neai 
the steiile field of opeiation Incubation then wnll give an indication of what 
might be expected to fall on the opeiative wmund Some of these organisms 
may leceive fuithei ladiation aftei they have tallen but no knowm expeiimenta- 
tion has been devised to deteimme the quantit)' of oiganisms which wall sur- 
vive this combined ladiation Flushing of the wmunds wath sterile saline and 
subsecjuent cultuiing wall give an indication of contamination but wall not tell 
howf many oiganisms will have pioduced it 

Colony counts made in oui opeiating looms wath exposed Petri dishes 
show^ed a predominance of Staphylococcus albw;, Staphylococcus aw eus, both 
hemolytic and nonhemolytic St) cptotoccus, St) eptococcus vi)ida))S, and 
Staphylococcus cit) eus 

As has been indicated befoie, the actual numbei of colonies vaiied consid- 
erably and depended upon the length of tune of exposuie, the position of the 
cultuie plate, and the numbei of people in the 100m, and their activity In one 
instance a count of 280 colonies was obtained on one Petri dish in fiont of a 
group of students in 30 minutes In anothei instance, in a diffeient operating 
room, theie w^eie 66 colonies collected in 165 minutes An aveiage w'as made 
of ten determinations in one opeiating room and it was found that approxi- 
mately o 25 colony fell pei minute per plate In another operating i ooni the 
average of 74 plates was 19 colonies per minute pei plate 

Since the wdiole object of bacteiicidal effort in suigeiy is to reduce wound 
infection, we have, at this hospital, in the last 14 yeais, employed various im- 
provements in technic, with the result of a low^ering of wound infection in clean 
opeiative wounds fiom 4 per cent serious and 10 per cent trivial m 1925, 
to o 5 per cent seiious and i 6 pei cent trivial in 1938 Although this is lela- 
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lively low we believe eveiy effoit should be made to furthei i educe it The 
only effoit to combat an contamination duiing this peiiod was to covei the 
instiument and diessing tables with canopies while they ueie not actually 
in use 

Oui fiist endeavois to find an answei to the pioblem began m August, 
1935, but It was not until Januai}^ 1937, that an installation was made in one 
of oui opeiatmg looms This consisted of foui one-foot quaitz tubes jacketed 
with high tiaiisnussion glass and containing dilute acetic acid between the glass 
tubes, pieviously desciibed This gave the maximum spectium 111 the liac- 
teiicidal lange as indicated in Figuie 5 Its intensity was very slight at the 
opeiative field, legisteimg a total of oiil)’- five clicks pei minute with the 
tungsten bulb This was 1 educed to zeio when the opeiatmg team shielded 
the ladiometei, but the 1 eduction of the bacteiia in the air uas definite 
Sixty-two plates weie exposed in four caidmal positions, giving a total of 
1,692 colonies collected in 955 minutes This gives an aveiage of 0029 
colony per minute per plate Encouiaged by the deciease m the nunibei of 
viable oiganisms in the an and knowing that little if any tissue damage could 
come fioni ladiation of such low intensity, various types of opeiations ueie 
peifoimed undei it 

Of ovei TOO majoi opeiations peifoimed undei these generatois, 52 could 
be classified as clean cases and only one of these developed a minor skin 
infection This, of couise, is a veiy small numbei fioin which to draw any 
conclusions, but a caieful study of the postopei ative teinperatuie leactions 
revealed no appieciable loweiing of the aveiage 

The opeiatmg loom staff were piovided with cleai glass auto-diivmg 
goggles to piotect then eyes from conjunctivitis Ordinal y spectacles did not 
protect them fiom the lateial lays A simple staiched helmet seemed to be 
all that n as necessai 3'' to covei the head but this did not pi otect the foi ehead 
and ai eas left exposed bj'- the mask It is now 1 ecoinmended that a wide brim 
helmet be noin with a safaii-type cloth to covei the back of the neck for more 
adequate pi otection 

Development of Piesent Application — We weie not entirely satisfied with 
the pieviously desciibed ultiaviolet geneiatoi aiiangement because we felt that 
there should be a sufficient concentration of ladiation at the aiea immediately 
above the opeiative wound We also felt that a wider distribution of a lowei 
intensity of the propei radiations would be more efficient in reducing geneial 
air contamination Although it was impossible to put a cultuie dish just where 
it would be most significant, dishes hung in baskets from the margin of the 
lighting unit usuall}^ gave the highest counts 

Effoit was spent foi seveial 3'^eais to altei an illuminating unit to include 
an ultiaviolet installation with a fan so placed that it would diaw the air 
upwaid into the zone of the ladiation At the convention of the Ameiican 
College of Suigeons, m Octobei, 1937, an operating 100m light was displayed 
which had no covei and made use of the 250 n att bulb noth its heat-absorbing 
filter to promote an upwai d cm 1 ent of the air The possibility of utilizing this 
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principle was at once appieciated, and aftei some time a unit was developed 
with an ultraviolet geneiatoi built in the lowei maigin It was hoped that the 
gentle upward cm rent of an would draw any bacteria in the air immediately 
above the operative wound slowly through the unit so that they might be 
destroyed while appioximatmg the moie intense ladiation First, it was 
necessary to deteimine whether oi not the rising column of an was strong 
enough to make the bacteiia rise Cultuie plates ^\ele susjDended from the 
unit with the top closed Experimental studies were undertaken by spraying 
bacteria into the an and counting those which fell and giew on Petri dishes 
exposed at various levels between the unit and the operating table The 
illuminating light was turned on, the top opened allowing the air to pass as it 
noimally would, and anothei series of similai tests made It was evident that 
there were many more organisms on the 52-inch plate when the top was closed 
and on the 12-inch plate •when the top was opened, indicating that they were 
then diawn upward thiough the cone of the illuminating unit 


Distance 

No lllnminali 07 i 
{Top Cohered) 

lUnmtnahng Unit Operating 
{Top Open) 

12 inches 

142 colonies 

995 colonies 

24 inches 

143 colonies 

391 colonies 

36 inches 

354 colonies 

272 colonies 

48 inches 

51 1 colonies 

312 colonies 

52 inches 

1 91 colonies 

246 colonies 


Fig 20 — Shows that air currents developed by ^he functioning ilkimimting unit draw bacteria upward 

It IS apparent that the maximum intensity of the ladiation should be above 
the operative site opposite the exhalations of the opeiatmg team, rather than 
directly on the wound itself This was accomplished by the design of the 
reflectois in the illuminating light At the operative site the intensity Avas 
consideied to be optimum at 13 clicks pei minute which has been calculated 
to kill 99 50 pel cent of the organisms in air suspended for one minute This 
IS about the time an organism "uuH take to diop a distance of three feet in 
still air With this illuminating unit and its ultiaviolet geneiator, if the 
organisms were not drawn through it and killed, the an curients would sus- 
pend them longei than one minute and piactically insuie their destruction 
At this same intensity, our expeiimental animal studies have shown that 
gumea-pig viscera, which is probably more sensitive than human viscera, will 
not show changes aftei 40 minutes’ exposure This w'-ould probably exceed 
the actual time of continuous exposuie of any one poition of a patient’s 
viscera during any type of operation 

As has been indicated by Nisbet,^® and confirmed heie, the gieatest con- 
tamination of the air occuis when the patient is being piepaied by the many 
people who are huiiying about pei forming then duties, but at the same time 
stirring up a consideiable numbei of organisms It was felt that a gieatei 
intensity of ladiation should be used at this time and gradually 1 educed as the 
activity in the 100m deci eased This would 1 educe the intensit}^ of the ladia- 
tion on the exposed visceia and wmuld be adequate to keep the an lelatively 
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stenle as the contamination cleci eased It has been possible to install a legu- 
lating device on the ultiaviolet geneiatoi which will regulate the intensity of 
ladiation as reqniied by an automatic time clock, oi it may be manually con- 
trolled foi unexpected piolongation of the opeiation 

Auxihaiy units aie placed on the walls in such a manner that sufficient 
intensity is developed throughout the lOom to keep the air lelatively sterile 
Each unit consists of a 30-inch geiieratoi with a control to 1 egulate its intensity 
It is theiefoie possible, with the use of a ladiometer, to accuiately determine 
the ladiation m any pait of the room and to laise it 01 lower it depending upon 
lequiiements 

Such an installation was set up m the laboiatory and fuither bactericidal 
and adhesion detei mmations made For example, eight animals were exposed 



at 13 clicks pel minute for 30 minutes, and at autopsy, one week later, showed 
no evidence of adhesion Bactericidal detei mmations at different stations m 
the room weie made using seeded agar plates, similar to the previously de- 
sciibed seeded plates These findings have been recorded m Figure 16 It 
was felt, therefoie, that this type of installation (Fig 21) was safe and 
effective m controlling air-borne organisms and would not injure exposed 
viscera 

Ejfect on Wound Healing — ^The remaining question for consideration is 
the effect of ultraviolet radiation on wound healing It is self-evident that a 
wound which received no bacterial contamination may logically be expected 
to heal more quickly and with less leaction than a contaminated wound even 
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though It did not suppuiate Any lessening of contamination will have a 
piopoitionately favoialde effect Howevei, some obseiveis believed that the 
ladiation has a beneficial effect on the wound itself As has been mentioned 
above, Beinhaid'’ employed sunlight m 1902, and latei, an aitificial souice 
of ultiaviolet ladiation Many othei suigeons have used it empirically Con- 
sideiable mteiest was stimulated by Havlicek,-'’ who employed a paiticulai 
wavelength thiough a Woods’ filtei (366 A) m ti eating cases of peiitonitis 
He stated that the action is not liactei icidal but due to vasodilatation and sub- 
sequent pievention of thiombosis This method and that of infia-red weie 
studied by Bastien/ -who felt that a combination of the two was impoitant 
Recently, Pollaczek'^ investigated, both clinically and CApei imentally, the 
use of controlled amounts of ladiation on ^’^ound healing fiom a lamp pro- 
duced by a “WAlfiamel” l)Uinei This gives a combination of infra-red, 
visible, and ultiaviolet rays He found that a small amount of radiation was 
definitely beneficial while a laigei amount letaided wound healing 

Maikuze’^'* attiibuted the impiovement m wound healing to a geneial effect 
moie than a local effect, and found that the impiovement ovei the controls 
was moie demonstiable m older gioups wheie epithehzation is slowei 

The diiect action of vaiious wavelengths on tissue cultures has been 
studied by Mayei and Schieibei They found that tissue cultuies aie not 
affected by wavelengths above 3,130 A but aie damaged consideiably by 
ladiations m the range 3 130 to 2,970 A Shoitei ladiations have less effect 
down to wavelengths below 2,800 A where it remains appi oximately constant 
This follows the erythema curve closel}^ and may be due to histamine libeiation 
In this laboiatoiy, animal wounds, both clean and infected, were tieated 
with the monochiomatic geneiatoi These, studied micioscopically, show^ed 
an inciease m vasculaiity, and the impiession was also obtained that theie 
was an advance m the stage of wound healing as compaied wuth contiols 
No significant diffeiences w^eie appieciated m aitificially contaminated wounds 
but the question remains wdiethei 01 not some of the impiovements in w^ound 
healing, desciibed b)^ Halt,-"* may be attributed to this effect as well as 1 educ- 
tion in air contamination How^evei, the effect of the various w'avelengths of 
ultraviolet ladiation on healing w^ounds forms a study in itself and wnll be 
lepoited upon latei 


CONCLUSIONS 

(1) The unsteiile an in the opeiating 100m is an impoitant source ot 
wound contamination 

(2) This contamination may be piactically eliminated by the use of ultra- 
violet radiation, m the pioper spectium, with an intensity that wull not injure 
animal tissue exposed for the time of a usual opeiation 

(3) An ultraviolet generator has been applied to an illuminating unit which 
coucentiates this ladiation in the most ciitical area, automatically contiols the 
intensity of ladiation, and, when bacterial concentration is gieatest, produces 
the maximum effect 
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(4) If the use of ultiaviolet ladiation foi reducing an contamination in 
opeiatmg looms is contemplated, suigeons aie cautioned to determine that 
the quality of the ladiation is m the most efficient pait of the spectium, and 
that the intensity is gieat enough to lendei the air 1 datively steiile and yet 
not so gieat that it mil injuie tissue foi the period of time it will be exposed 
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THE MILLER-ABBOTT TUBE AS AN ADJUNCT TO SURGERY 
OF SMALL INTESTINAL OBSTRUCTIONS 


OcTA C Leigh, Jr, MD, John A Nelson, MD, 

AND Paul C Swenson, M D 

New loRK, N Y 

mOMTIIFDLl VUTMI VT'i or SUHOHl\ VND K VDlOIXin Ol THF PIIFSB^TEIUVN HOSIIT\I AND THL COI I LOf Ot IIHSICUNS 
AND SUnCFONb COLUMUIA UNnFKbITl, MU ^OIIK N 1 

Gastric and duodenal suction has been used extensively during the past 
20 years in the tieatment of acute ileus Kussmaul and CahiP (1884) fiist 
used an elastic stomach tube foi aspnating purposes and lepoited that this 
tieatment would dimmish the intra-abdominal piessuie, reduce the size of the 
bowel pioximal to the point of obstiuction^ and letard Anolent peiistalsis The 
duodenal tube was used by Westeimaii- (1910) for the distention of peri- 
tonitis, and Mclvei and his coworkers'^ (1926) used it as a prophylaxis against 
postopei ative ileus, aftei demonstiating that the source of gas m these cases 
was laigely swallowed an Wangensteen’' (1933) increased the effectiveness 
of the method by intioducmg the continuous suction-siphonage apparatus 
attached to the Levine gasti oduodenal cathetei Wangensteen and Paine*’ 
(1934) leported a low moitahty in a laige group of cases wnth acute ileus 
that were treated wnth continuous duodenal suction and suigery if necessaiy, 
and foi the fii st time pointed out the type of cases that could be successfully 
deflated 

Wangensteen’s" classic \voik on bow^el obstruction emphasized the impoi- 
tance of duodenal suction as an aid in the diagnosis as w'ell as the tieatment of 
these cases He also lecognized the obvious limitations of the method and 
stated that the most important objections weie the inaliility to feed the patient 
by mouth, the continuous loss of electi olytes, and the failure to deflate the 
patient wdio had no peiistalsis to leguigitate the fluid and gas into the duo- 
denum Abbott and Johnston" adapted the Millei -Abbott tube® to the manage- 
ment of cases wnth small intestinal obstructions, and reported that the limita- 
tions of duodenal suction w^eie avoided 

Van Belli en and Smith" found that the moitahty foi acute ileus m this 
hospital chopped fiom 66 pei cent during the five-yeai period of 1919-1924 
to 296 pei cent in 1932-1937 Dining the moie recent period, continuous 
duodenal suction had been used in almost eveiy case In addition, the im- 
portance of leplacmg the fluids and electi olytes lost by vomiting and suction 
was geneially lecognized, due to the obseivations of many investigators 
Among the moie impoitant communications aie those b}'^ Hartwell and 
Hoguet,'" Gamble and cow^oi kei s,"^ Mclver,'- and in this hospital, Atchley 
This giatifying 1 eduction in the moitahty of acute ileus has iieen reduced to 5 9 
per cent m 68 cases successfully treated with the Millei -Abbott tube duiing 
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the past i8 months In fact, small intestinal intubation has pioved such a 
valuable aid in the diagnosis and tieatment of cases with small bowel obstiuc- 
tions that the Millei -Abbott method has been accepted m this hospital as a 
loutine adjunct to the suigical management of all cases except those sus- 
pected of mesenteiic vasculai occlusion oi stiangulated bowel 

The Millc) -Abbott P? maple — Millei^"^ has lecently desciihed the develop- 
ment of the Miller-Abbott method of small intestinal intubation His inteiest 
m intestinal intubation followed the lepoit of Einhoind^ in 1921, of a small 
jointed tube used foi aspiiatmg jejunal and ileal contents This tube, however, 
pioved unsatisfactoiy 111 Millei’s clinic, as several days weie often lequiied 
to pass the tip of the tube into the terminal ileum of noimal individuals, 
and because of the small calibei of the tube Seveial modifications of the 
Einhoin tube ueie equally unsatisfactoiy, and it was not until 1934 that Miller 
and Abbott^ found a piactical solution of the pioblem Abbott, endeavoring 
to obtain k}mogiaphic lecoids from an inflated balloon in the duodenum, found 
his effoits lepeatedly fiustrated by the lapid passage of the balloon into the 
jejunum It immediately occuiied to Millei and Abbott that a second laigei 
tube for aspiiating purposes could be attached alongside the smaller tube 
which conti oiled the balloon They found that such an apparatus would reach 
the low'd ileum within a few' houis, and subsequently weie able to have 
manufactured a double-Iumened tube, one lumen foi the control of the 
balloon and the other foi aspiiatmg gases and fluids'*" This commeicially 
prepared tube has been used exclusively in this hospital, but Abbott sti esses 
the point that satisfactory double tubes can be piepaied wuth the equipment 
available in most hospitals 

After much expei imental woilA** wuth the Millei -Abbott tube, Abbott 
(Miller^"^) adopted the technic to the management of cases with intestinal 
obstructions The first 16 cases tieated w'eie lepoited by Abbott and John- 
ston," m 1938 Abbott,^" in Philadelphia, and Johnston and his cowoikers,^^ 
in Detroit, have continued the w'ork in a laige numbei of cases with amazing 
success 

Pioccdwe — With the balloon folded umbrella-like upon the tip of the 
tube and generously lubiicated, the tip is passed thiough the nose into the 
nasopharynx The patient is given a drink of w'atei and, as he sw^allow's, the 
tube is passed lapidly into the stomach Rarely has it been necessaiy to pass 
the tube thiough the nose and out the mouth before attaching the balloon A 
2 per cent cocaine spiay is often used to shrink the nasal mucous membiane 
but no effort is made to secure complete anesthesia as the patient may com- 
plain of gi eater pain wdien sensation eventually returns 

After aspiiatmg the gastiic contents, the tip of the tube is placed at the 
cardia of the stomach by inflating the balloon (Abbott^®) and wnthdrawmig it 
until it is stopped by the cai diac sphinctei The balloon is deflated, continuous 
suction by a modified Wangensteen apparatus is started, and the patient al- 

* The George P Pilling & Son Company, Philadelphia, Pa 
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lowed clear fluids by mouth It is impoitant to allow cleai fluids by mouth 
immediately, otherwise the tip of the tube is arrested along the gi eater curva- 
ture of the stomach by the thick, tenacious gastric secietions Duimg the 
next foul to six houis, the patient is instructed to push in the tube slowly from 
the 45 cm maik to the 75 cm mark, pieferably, but not necessaiily, while 
lying slightly on the light side Occasional deep breaths aid in advancing the 
tip of the tube into the pylorus by changing the position of the stomach if more 
of the tube is pushed in on the expiratoiy phase of respiiation The nurse is 
instructed to detach the suction and lavage the stomach with 50 to 100 cc of 
waim watei once or twice every hour to aid m decompressing the stomach 

This preliminary tieatment, alone, affoids so much relief that the patient 
will gladly coopeiate if additional pioceduies are necessary in the fluoroscopic 
room Appi oximately one-half the cases will pass the tube into the duodenum 
during this period The position of the tip can be determined without fluoro- 
scopic guidance b)'^ the tests desciibed by Abbott First, the leturn of the 
deal bile or small intestinal contents in the suction Second, by observing 
the time requiied foi watei taken by mouth to appear 111 the suction bottle 
If the tip is in the stomach, the return is instantaneous and cleai, but should it 
have leached the duodenum, the watei 1 etui ns only aftei a delay and is usualty 
bile-stained, nevei cleai Thiid,^® by observing the gentle, ihythmic resistance 
transmitted to a smooth piston Luei syiinge when the balloon is inflated with 
the initial 20 cc of an if the tube is in the duodenum, in contrast to the lack 
of all sense of resistance when the balloon lies 111 the stomach 

If the tube remains in the stomach aftei this pieliminary peiiod, and the 
patient is too ill to allow fluoioscopic guidance, the procedure is repeated This 
blind method of intubation has requiied as long as 72 hours in a patient 
dangeiously ill with diffusing peritonitis It is well to point out, however, 
that the benefits to be deiived fiom early intubation far outweigh any tem- 
porary discomfort caused a sick patient by transportation to the fluoroscopic 
room, and the surgeons in this hospital now accept this procedure as a matter 
of course 

Our usual proceduie, theiefoie, when the balloon lemains in the stomach 
after the preliminary period of deflation, is to guide it to the pylorus undei 
fluoroscopic contiol An attempt is made to place the balloon at the pylorus 
with a wide, unkinked loop along the gieatei cuivature of the stomach This 
IS accomplished by turning the patient on the right and left sides, as the occa- 
sion requires, and pushing in more tube as indicated Manual pressure on the 
abdomen is seldom necessary Not more than five to ten minutes should be 
spent attempting to pass the tube thi ough the pylorus, as the position shown in 
Figure lA is satisfactory 

The tube is fixed in this position with flamed adhesive tape acioss the 
upper lip, and the patient returned to his 100m It is important that the tube 
be fixed with adhesive tape at the nose, in order to prevent it from being 
pushed backward instead of forward The nurses continue then continuous 
suction and periodic lavage of the stomach, and the patient is allowed cleai 
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the patient to the left side inflating the balloon and floating the tip across the 
midline, has been used successful^, but usually, this is not necessaiy 

When the tip of the tube has leached the thud poition of the duodenum 
and the balloon inflated with 20 to 30 cc of an, the foiwaid piogiess of the 
tube theieaftei is almost automatic Continuous suction is maintained and 
pel iodic lavage is continued Often the fluid content of an obstructed loop 
IS too thick foi the continuous suction to evacuate without the aid of dilution 
by lavage The patient is instiucted to push m an additional six inches of the 
tube ever}'^ one 01 two houis, 01 whenevei he feels the tube tugging against his 
nose as it attempts to advance foiwaid The Augoions peiistalsis of mechan- 
ical obstiuctions often diaws the tube f 01 ward spontaneously and rapidly 
On the othei hand the cases with paralytic ileus move the balloon forwatd 
vei)'- slowly If additional tube length causes gagging when pushed into the 
nose, sufficient slack is piesent in the stomach Additional coils in the stomach 
should not be allowed, as this may cause kinking (Fig iF) 01 even prolapse 
a loop of the tube into the duodenum, theieb} inteifeimg uith suction and 
letaiding foiwaid piogiess 

Aftei the tube has entered the small bowel, the patient is allowed a fluid 
diet foi the fiist one 01 tuo days and then oflFeied a low lesidue diet All 
fluids aspiiated aie caiefully chaited and the 01 al intake of fluid is supple- 
mented by the subcutaneous 01 intiavenous loutes Necessaiy electrolytes 
may be leplaced by giving sodium chloiide capsules by mouth Abbott^** 
lecommends that the amount should be apioximately 5 Gm pei litei of fluid 
aspiiated by suction Appioximately two-thiids of the 01 al intake of fluid 
by mouth is letuined b}'^ suction while the tube lemains in the jejunum but 
only about one-thiid aftei it reaches the distal ileum With the tube in the 
ileum It IS usually unnecessaiy to give sujiplementai y jiaienteial fluids 

The piogiess of the tube is followed by dail}' 1 oentgenogi ams of the 
abdomen 01 shoit fluoioscopic examinations When an obstiuction is en- 
counteied, the nature and location of the lesion is studied by injecting 50 to 
100 cc of baiium suspension undei fluoioscojDic contiol The tube is never 
lemoved until it has 1 cached the point of obstiuction m the small bow^el, or 
until it has 1 cached the cecum, even though the patient may be markedly 
improved clinically This last point is veiy impoitant, for many patients are 
completely relieved of symptoms aftei 24 houis of gastiic 01 small intestinal 
suction, paiticLilaily in mechanical obstiuctions, wheie the vigoious j^eristalsis 
pioximal to the point of obstiuction causes a iaj3id lefltix of the contents in 
the obstructed loops which can be evacuated by the tube fai above the point 
of obstruction Howevei, unless the tube is allowed to advance, the nature 
and position of the lesion cannot be determined Too often the tube has been 
lemoved because the patient w^as symptomless except foi mild discomfoit in 
the nose and thi oat, only to ha\ e the ileus 1 ecui , 1 equii ing a second intubation, 
always moie difficult than the fiist In cases with mechanical obstiuctions, 
even in the terminal ileum, the balloon may be passed to the point of obstiuc- 
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tion within 24 to 36 hoiii s, but in those with a pai alytic ileus three to five days 
ina}^ be lequiied to leach the cecum 

Occasionally gastiic distention peisists aftei the tube has passed beyond 
the stomach and is conti oiling the small bowel distention A gastiic lavage 
may be necessaiy foi a day or so in addition to the Miller- Abbott suctioji 
Paiticulaily is it advisable to lavage the stomach before opeiations A few 
cases have piesented mild gastiic distention at exploiation in spite of the com- 
pletely collapsed small bowel 

Rcpoit of Coses — Oui cases can be loughly divided into thiee clinical 
gioups (i) Nonmflammatoiy obstructions A Pai alytic type B Mechan- 
ical type (2) Obsti uctions with peritonitis (3) Obstiuctions with gangrene 
of bowel 

Groups I and 2 ai e discussed sepai ately, as the pi esence of pei itonitis with 
obsti uction places them apait as especially difficult problems in intubation 
The cases suspected of gangiene of the bowel are, of couise, subjected to 
immediate opeiation and the tube used only in the short preoperative peiiod 
while fluids aie administeied, and foi the postopeiative distention, if it occuis 

The distinction is made between “postopeiative distention” and “post- 
opeiative ileus” by tbe 1 espouse of each case to our previous loutine tieatment 
We have leserved the teim “postopeiative ileus” foi those cases with clinical 
distention that aie not leheved within two or moie days bj^ piostigmin 01 
pitiessin, poultices and rectal tieatments, and duodenal 01 gastiic suction 
Moieovei, these cases have evidence of distended loops of small bowel with 
fluid level formation as seen radiogi aphically Any latei refeience to “loutine 
treatment” in this paper implies that the various procedures mentioned heie 
had been tiied befoie intubation In lecent months the Miller- Abbott tube 
has been used pi ophylactically m many cases with mild postoperative disten- 
tion which disappeaied after 12 to 24 horns of gastric or tipper small bowel 
suction, but these cases aie not included m this lepoit All cases reported 111 
this series faced exploi ation 01 enterostomy prior to intubation 

Group i Nomnflammatoiy Obstiuctions — A Paralytic Type Twelve 
cases which weie treated 111 this group are listed 111 Table I The immediate 
problem 111 these cases was one of maintaniing the patient until distention was 
controlled and a diagnosis made without exploration 

CASE REPORTS — GROUP I A 

Case I — P H, No 366,942 (Fig 2) A male, age 59, developed bronchopneumonia 
in both lower lobes There was a persistent ileus after ten daj^s of routine treatment A 
Miller-Abbott tube was passed into the duodenum on the eleventh hospital day, and de- 
flation was complete after 36 hours At that time the tip of the Miller-Abbott tube was 
shown, by fluoroscopic examination, to be at the cecum The tube was removed and 
recovery was uneventful 

Case 2 — N I , No 39,152 A male, age 59, with a transverse myelitis due to neuro- 
myelitis optica, had marked ileus for ten days without relief by routine treatment The 
Miller- Abbott tube requned seven days to completely deflate the small bowel and reach 
the cecum, but distention again appeared in the upper jejunum The tube was withdrawn 
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to the duodenum and allowed to traverse the small bowel again The neurologic symp- 
toms gradually disappeared during this period and the tube was removed after i8 days 
of continuous suction Recovery was slow but uneventful 

Case 3 — P H , No S47>45i A male, age 58, developed severe ileus after a hermor- 
laphy, performed under spinal anesthesia (20 mg pontocaine in third lumbar space) 
The Miller-Abbott tube was passed on the fifth postoperative day after routine treatment 
had failed for three days The barium studies on the eighth postoperative day showed 
dilated loops of ileum distal to the advancing tip of the tube The cecum was reached on 
the ninth postoperative day and the tube removed Recovery was uneventful 



Fig 2 — Case 1 Bronchopneumonia ■vMth Paraljtic Ileus (A) Plain roentgenogram of abdomen 
showing distention prior to intubation (B) After deflation with the Miller Abbott tube Banum >n 
jected through the tube shows an unobstructed bowel 


Cases 4 to 10, inclusive, had marked ileus following various surgical procedures 
All were cured by one deflation with the Miller-Abbott tube after routine measures had 
failed 

Case II — P H, No 440,306 A female, age 60, developed severe ileus after the 
resection of the sigmoid, end-to-end anastomosis, for carcinoma Twenty liters of 
parenteral fluids were administrated during the first five postoperative days Generalized 
edema and ascites developed on the fourth postoperative day Blood studies showed a* 
high hematocrit (54 per cent) and a low serum protein (4 2 Gm per cent) Cecostomy, 
performed on the fifth postoperative day, failed to function Transfusions were helpful 
but failed to correct the abnormal fluid balance The Miller-Abbott tube was passed 
into the upper jejunum on the seventh postoperative day and delivered large quantities 
(ii liters) of fluid during the first 48 hours, relieving the patient of nausea and vomit- 
ing Routine treatments had failed prior to intubation Roentgenograms of the abdomen 
at this time, however, showed manj^ dilated loops of ileum distal to the advancing tip of 
the tube The Miller-Abbott tube reached the cecum after five days of continuous suc- 
tion, and the cecostomy began to function satisfactorily for the first time Both the 
Miller-Abbott and cecostomy tubes were removed on the thirteenth postoperative day, 
when a banum suspension, injected through the Af filer- Abbott tube, passed into the 
lectum after one hour Recovery was uneventful 
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Case 12 — P H , No 564, 321 A male, age 60, had had increasing ileus with 
crampy, colicky pains in the right lower quadrant for four days before admission An 
apendicectomy with drainage had been performed 15 years previously Intubation was 
started and deflation was progressing satisfactorily but repeated blood counts showed an 
increasing white blood count, making exploration advisable for diagnosis At exploration, 
the small bowel had been deflated and no cause for the ileus was found Later roent- 
genograms of the abdomen showed a right ureteral calculus which had completel}^ 
blocked the right ureter, accounting for the negative uranalysis done on admission The 
tube was removed two davs after exploiation and recovery was uneventful 

Group i Nomnflainmatoiy OhstiucUons — B Mechanical Type The 38 
cases of mechanical obstructions have been mostly early and late postopeiative 
adhesions The othei causes are listed in Table II Many cases due to late 
postopeiative adhesions were seen eaily without maiked distention or dehydia- 
tion, and any cases with an obvious hernia causing the obstiuction have been 
subjected to immediate opeiation, without prehmmaiy deflation, and aie not 
included in this 1 eport One death occurred in this gi oup, due to postoperative 
pneumonia lathei than ileus 

CASE REPORTS — GROUP IB 

Case 13 — P H, No 559,267 (Fig 3) Early Postoperative Adhesions A female, 
age 58, developed increasing ileus for four days after a hysterectomy, m spite of routine 
treatment The Miller-Abbott tube was passed on the fourth postoperative day and 
distention was completely relieved within 24 hours, although the abdominal roentgeno- 
grams showed the balloon still in the stomach Intubation was continued, however, and 
the forward progress of the balloon was arrested in the left lower quadrant on the seventh 
postoperative day Barium injected through the Miller-Abbott tube demonstrated an 
angulation of the ileum The lesion was again demonstrated on the twelfth postoperative 
da}’’, while the patient had remained symptom free on continuous suction and a low 
residue diet Because the barium injected through the tube had been recovered in the 
stools, the surgeon elected to remove the tube without exploration Distention recurred 
and nausea and vomiting again began on the sixteenth postoperative day A second 
intubation was instituted and exploration showed the adhesion constricting the ileum in 
the pelvis at the position previously demonstrated by the roentgenologic studies The 
tube was removed three days later, after the patient had had a normal bowel movement 
Recovery was uneventful ^ 

Cases 19 and 20 — Nonfunctioning Ileotransverse Colostomy Both of these cases, 
after resections of the cecum, developed severe ileus, apparently from edema at the site of 
anastomosis Barium injected through the tube before removal demonstrated the patency 
of the bowel lumen and both cases made uneventful recoveries 

Case 21 — P H, No 433,379 (Fig 4) Late Postoperative Adhesions A female, 
age 47, had had repeated attacks of crampy abdominal pains, nausea and vomiting with dis- 
tention for two years following the repair of a postoperative ventral hernia All previous 
attacks had subsided spontaneous!}, but the present attack had continued for four da}s 
before admission Deflation was accomplished \vith the Miller-Abbott tube after 48 hours 
of continuous suction Barium studies demonstrated the point of angulation of the bowel 
beneath the old midline scar The adhesions were divided without difficulty at explora- 
tion The Miller-Abbott tube had advanced through numerous adhesions to wuthin two 
feet of the ileocecal valve Only the adhesions distal to the tip of the tube \vere divided 
The tube was removed on the fourth postoperative day and recovery was uneventful 
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Tig 3 —Case 13 Mechanical Ileus Due to Darlj Postoperatue Adhesions (A) Abdominal roent 
genogram showing distention of small bo\%el four dajs after h>sterectom\ (B) The arro^\ sho^\s the 
point of constriction in a partially deflated loop of ileum AMth the tip of the Miller Abbott tube o\er 
riding the adhesion (C) A pressure roentgenogram sho\Mng the point of constriction uncovered and 
in profile 



Fig 4 — Case 21 Mechanical Ileus Due to Late Postoperative Adhesions Roent 
genogram of the abdomen 48 hours after intubation Barium injected through the 
Miller Abbott tube showing a partiall> deflated loop of ileum attached beneath a two>car 
old lower right rectus scar 
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Case 44 — P H , No 338,808 Late Postoperative Adhesions Requiring Prolonged 
Preoperative Preparation A female, age 70, had been followed for 15 years because of 
recurrent attacks of distention, nausea and vomiting which had subsided spontaneously on 
a liquid diet The present attack had lasted for one month and the patient was extremely 
emaciated and dehydiated Deflation with the Miller- Abbott tube required seven days 
A high protein-low residue diet was started on the fifth hospital day, and the patient 
gained approximate!} ten pounds in weight before operation on the eighteenth hospital day 
Parenteral liver and fluids, intravenous vitamins, and two blood transfusions were admin- 
istered in addition to the food by mouth At exploration, no free peritoneal cavity was 
encountered in the right lower quadrant and only an ileostomy was accomplished The 
patient has been fairl} comfortable for 12 months and has gained weight An ileocolostomy 
will be attempted later 



]Tig 5 — Case 47 Volvulus of Ileum and Cecum (A) Abdominal roentgenogram showing disten 
tion of small bowel, with an isolated loop in the left lower quadrant which did not deflate after 12 hours 
of small bowel suction with the Miller Abbott tube (B) This suggested a double obstruction, as in a 
volvulus, which was confirmed at operation 

Case 45 — P H , No 322,123 Incarcerated Pelvic Hernia The importance of examin- 
ing all previous operative scars is illustrated in this case A female, age 40, had suffered 
from recurring attacks of distention for three years Seven years previously, the coccyx 
had been resected for a sarcoma All previous attacks of distention had subsided spon- 
taneously, but the present ileus had continued for two days before admission Deflation 
was easily accomplished with the Miller-Abbott tube and the tip reached the cecum on the 
second hospital da} without demonstrating the cause of the obstruction A barium enema 
was negative A small intestine study was started after the removal of the kliller-Abbott 
tube The patient accidentally coughed during the fluoroscopic examination and barium- 
filled loops were observed to protrude through the pelvic floor into the region of the old 
operative scar A pelvic hernia was confirmed and repaired at later operation 

Case 47 — P H, No 525,413 (Fig 5) Volvulus of Cecum A female, age 60, was 
admitted to the hospital, complaining of distention, nausea and vomiting of three da\s’ 
duration A hysterectomy had been performed three }ears previously, for what was said 
to have been a fibromyoma of the uterus One year later, a firm mass was removed from 
the operative scar which proved to be carcinoma, presumably an implantation from the 
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previous operation No previous attacks of distention had occurred Intubation was 
started on admission, and the dilated loops of small bowel disappcaied within 12 hours, 
but a palpable, isolated loop of distended bowel remained in the left lower quadrant 
Exploration was advised by the radiologist and showed a large redundant cecum which 
was involved in a volvulus together with the terminal ileum The twist was corrected 
and a cecostomy performed to anchoi the cecum in the right lower quadiant The tube 



Fig 6 — Case 48 Intussusception (A) Lateral deculiitus abdominal roentgenogram slio\Mng 
marked distention of the small bowel with fluid Icxel form ition (B) Plain roentgenogram, four days 
later after deflation with the Miller Abbott tube Barium injected through the tube demonstrates an 
intussusception of terminal ileum into cecum and ascending colon 



Fig 7 — Case 49 Caicinoma of 0 \arj Iinohing Ileum (A) Abdominal roentgenogram showing 
small bowel distention (B) After deflation with the Miller Abbott tube showing dilated loop of ileum 
proximal to point of obstruction (C) A pre-^sure roentgenogram of the constricted lumen suggests that 
a mass is present within the wall of the bowel 

was removed on the fifth postoperative day, when barium injected show^ed a patent terminal 
ileum and cecum Recovery was uneventful 

Case 48 — P H, No 545,242 (Fig 6 ) Intussusception A male, age 13, was 
admitted for cramp}’’, right lower quadrant pain, distention and melena of three weeks' 
duration Distention and dehydration were marked, and a questionable mass could be 
palpated m the right lower quadrant The Miller-Abbott tube was used for deflation, 
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while fluids and food were administered Barium studies demonstrated an intussusception 
of the terminal ileum into the cecum after the patient had been greatly improved by four 
daj s of treatment At operation, a i esection was found to be necessary, and the tube was 
left in place for two dajs after operation The mass in the bowel lumen proved to be a 
lymphosarcoma The patient recovered fiom the immediate operation and was given 
extensive ladiation but died six months later of generalized lymphosarcoma 

Case 49 — P H, No 550,184 (Fig 7) Carcinoma of Ovary Invading Terminal 
Ileum An emaciated female, age 65, complained of recurrent attacks of distention, fever, 
and questionable melena following an appendicectomy for a normal appendix 16 months 
previously The symptoms antedated the operation bj'- two months and had continued with 
increasing severity Deflation with the MiIIer-Abbott tube required five days, at which 
time roentgenologic examination showed an obstruction of the terminal ileum, thought to 
be due to a neoplasm, since a filling defect could be seen in the wall of the bowel At 
operation, a carcinoma of the right ovary was found invading and obstructing the terminal 
ileum Ileotransverse colostomy was performed, without resection of the widespread 
tumor The patient has remained symptomless and gamed 20 pounds during the ten 
months following operation 

Comment — In cases with simple mechanical or paralytic ileus the Millei- 
Ahbott method has made immediate operation unnecessary Surgical tieat- 
inent can be instituted aftei an accuiate diagnosis is made, and the patient’s 
condition gieatiy improved Heietofore, it has been of little value to give 
baiium by mouth to demonstiate the exact natuie and the site of an obstiuc- 
tion 111 the presence of ileus, since without deflation, the barium will not reach 
the point of obstiuction 01 will be so diluted by fluid as to be practically 
useless Now, honevei, with deflation the exact site of the obstiuction can 
be studied by barium injected through the tube and withdrawm latei if desiied 
The movements of the balloon as it attempts to pass an obstruction give 
valuable information when obseived fliioi oscopically Roentgenograms, made 
with a compiession device,-® may bung a point of obstiuction into piofile which 
would otheiwise not be visualized, since theie is often a tendency of the tip 
of the tube to oveinde the site of obstruction in the baiium filled loop just 
proximal to it (Fig 3C) In the early postoperative cases, the intubation 
settled the difficult question as to whethei the ileus was pai alytic or mechanical 
111 nature 

The patients with long-standing mechanical obstiuctions are usually m veiy 
poor condition when admitted Piotem foods can be given by mouth as 
deflation proceeds, and are fai moie effective than transfusions in restoring 
the low serum piotems often encountered in these cases In less serious 
cases several exploi ations wei e avoided However, when sui gery is indicated, 
the location and often the natuie of the lesion were known before entering 
the abdomen The surgeon is also aided by having the tube to act as a guide, 
particulaily when geneiahzed adhesions aie piesent The resection of a 
pathologic bo\vel loop is made easier by 1 educing the size of the distended 
pioximal loop by the pielimmaiy deflation The tube is left in place proximal 
to the anastomosis, with the balloon deflated, to contiol postoperative disten- 
tion, which protects the suture line from disiuption The vital importance of 
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the use of miller-abbott tube 

^umoer 2 

eliminating tension on the sutuie line by keeping the bowel collapsed cannot 
be overemphasized 

It IS of inteiest that none of these cases, or the ones observed by Abbott,^* 
showed a complete obstiuction of the bowel lumen when, after deflation, 
barium was injected by means of the tube Although the radiopaque material 
could always be seen to pass thiough the paitially occluded lumen, this could 
not be taken as evidence that the obstiuction would not again be complete 
when distention lecuis and causes fuither kinking of a fixed loop All the 
cases m this gioup which failed to allow the passage of the tube oi a small 
balloon at a ceitain point after several days of continuous suction and m 
which an angulated segment could be lepeatedly demonstrated loentgeno- 
logically, lequired suigeiy In the inflammatory group, however, deflation 
often relieved the obsti uction without allowing the tube to progress 

Group 2 Obshucftons with PeutomUs — In the cases where the ileus is 
complicated by an inflammatory process involving the peritoneal cavity, 
whether the ileus be paialytic, mechanical or both, a special pioblem arises in 
intubation, which gioup will be repoited in detail later In this report, we 
only wish to show, by the accompanying tables, the type of case treated and 
the importance of eaily intubation, which is emphasized by observing the 
time relation between the duiation of the ileus and the foimation of mechanical 
obstructions 

The teim “generalized peiitomtis” is used only in those cases pioved to 
have multiple abscesses by secondary operation or at autopsy On the othei 
hand, the term “diffusing peritonitis” is used to designate those cases with 
clinical signs of widespiead peiitonitis either at or after operation but where 
the widespread peiitomtis was not confirmed by secondary operation or at 
autopsy 

Case 56 — P H , No 328,925 (Fig 8) A female, age 40, had signs of generalized 
peritoneal irritation following four days’ illness beginning as an acute upper respiratory 
infection accompanied by generalized aching pains and temperature ranging between 102° 
and 103 6° F When admitted on the fifth day of her illness, she complained of increasing 
distention and colicky abdominal pains, not localized, which had begun six hours pre- 
viously The lungs were clear and remained so A throat culture showed on smear what 
was thought to be a pneumococcus but this was not substantiated by culture Sulfapyndine, 
given (7 Gm ) for 24 hours, caused a dramatic fall to normal of both temperature and 
pulse, but the drug was discontinued because of nausea and vomiting The ileus continued 
to increase for two days in spite of vigorous routine measures The Miller-Abbott intuba- 
tion was started on the third hospital day Decompression was slow, but tenderness and 
pain disappeared as each segment of bowel was deflated Sulfapyndine was again started 
on the fourth hospital da}’’, due to a return of elevated temperature and pulse rate, and 
again there was a dramatic fall to normal The tube was temporarily arrested in the right 
lower quadrant and an indefinite tender mass suggesting matted loops of distended bowel 
could be palpated in the region of an undeflated loop seen in the roentgenogram All 
abdominal signs disappeared on the tenth hospital day, and barium, injected through the 
tube, passed rapidly into the cecum The tube was removed after a one-day trial without 
suction The sulfapyndine was injected as a suspension through the tube into the ileum 
when started the second time and suction discontinued for only 15 minutes after each 
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injection A blood concentration of 5 mg per cent was found after 6 Gm of the drug had 
been administered in that manner Recovery was slow but uneventful 

Case 60 — P H, No 57^,936 (Fig 9) A female, age 13, showed increasing dis- 
tention two days after an appendicectomy with drainage, for acute appendicitis with per- 
foration and localized peritonitis The Miller-Abbott intubation was started on the 
second postoperative day, at which time she was desperately ill with marked distention 



Fig 8 — Cise 56 Pnnnrv Peritonitis with lieu*? (A) Plain roentgenogram of abdomen after 24 
hours of continuous gastric suction showing persistent distention of small bowel (B) Three da>s later, 
ihe Miller Abbott tube is arrested in the lower ileum with persistent distention distal to the tip of the 
tube (C) Five da>s after (A), the small bowel is completelj deflated and barium injected through the 
tube passes into the ctcum 



Fig 9 — Case 60 Appendiceal Abscess with Acute Ileus (A) Plain roentgenogram of abdomen 
showing the Miller Abbott tube in the stomach after 24 hours of gastric suction The small bowel is 
still distended (B) The tube arrested in the region of the appendiceal abscess two days later (C) 
Barium injected shows angulation with partial obstruction of the bowel The obstruction disappeared 
after the infection subsided 

and fecal vomiting The bowel was rapidly deflated aftei 48 hours, and fluids were there- 
after given orally A constriction m the bowel lumen was demonstrated in the terminal 
ileum on the fourth postoperative day This was thought to be due to an angulation of the 
bowel by adhesions at the site of the residual right lowei quadrant abscess Distention 
was controlled by continuous suction above the site of obstruction until the patient had a 
normal stool on the twelfth postoperative day During this time, the oral intake had been 
increased to include a low residue diet The tube was removed on the sixteenth post- 
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operative day, after suction had been discontinued for four days witliout recurrence of the 
distention Recovery was uneventful 

Case 62 — P H , No 563 298 (Fig 10) A male, age 17 was admitted giaiely ill mth 
generalized peritonitis His history suggested the rupture of an acute appendix five days 
previously On admission the Miller-Abbott tube was introduced into the stomach and 
continuous suction maintained thereafter The patient received nine liters of fluid and 
blood during the first 24 hours before an adequate fluid balance could be obtained At the 
end of this time, the right lower quadrant was opened and drained under local anesthesia 
but no attempt w'as made to remove the appendix The patient’s serious condition pre- 



Fig 10 — Case 62 Generalized Peritonitis with Acute Ileut^ Plain roentgenogram of abdomen on 
the ele\enth hospital da> showing the Miller Abbott tube arrested in the left lower quadrant (B) Pres 
sure roentgenogram at the point of obstruction after barium was iniected through the tube On the 
left, the balloon is deflated and on the right the balloon is inflated (C) Four dajs later, after two da>s 
without continuous suction the small bowel distention has recurred and the lateral decubitus, abdominal 
roentgenogram shows the Miller Abbott tube within the distended loops of ileum and jejunum (D) A 
lateral abdominal roentgenogram to localize the point of obstruction before operation to release the adhes on 


vented fluoroscopic examination, hence the tube did not reach the duodenum until the fifth 
hospital day Rapid deflation of the upper small bowel w^as accomplished thereafter, allow'- 
mg the patient to take food and fluids by mouth A second abscess, m the right upper 
quadrant, w^as drained on the ninth hospital day The tip of the tube was showm to have 
stopped in the left low'er quadrant and would not advance after se^eral da\s of continu- 
ous suction Barium studies on the eleventh hospital day demonstrated a partial obstruc- 
tion of the ileum, thought to be caused by an angulation of the bow'd by adhesions These 
observations w'ere confirmed by repeated examinations on the seventeenth and tw'enty-fifth 
hospital days With continuous suction maintained, the patient was S} mptomless on a low 
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residue diet and supplementary parenteral fluids were not required The patient was tried 
without suction on the fifteenth day and again on the twenty-third day, but each time 
developed a recurrence of the ileus Roentgenograms of the abdomen, made during the 
second trial two days after suction had been discontinued, showed the tube within distended 
loops of small bowel with fluid level formation in the lateral position The partial obstruc- 
tion was released by operation on the thirty-first hospital day Fibrous adhesions were 
widespread, and it would have been practically impossible to locate the point of obstruc- 
tion without the tube to guide the surgeon Continuous suction was maintained until the 
thirty-sixth hospital day when rectal treatments returned a fairly normal stool Suction 
was discontinued thereafter, and the tube removed on the forty-first hospital day Ap- 
pendicectomy was performed 20 days latei (the sixty-first hospital day) The patient 
eventually recovered after a long convalescence No complication could be ascribed to the 
long intubation and, surprisingly enough, after the first two weeks, the patient tolerated the 
tube without complaint 

Case 64 — P H, No 541,310 The one death in this group occurred in a male, age 
37, who was admitted as “Henoch's purpura," after two weeks of septic temperature, 
purpuric manifestations and increasing distention The ileus was severe on admission but 
responded promptly to Miller-Abbott intubation Repeatedb^ blood, stool, throat and 
sputum cultures failed to identify the organism Blood agglutination studies were not 
significant The Miller-Abbott tube controlled the ileus over a period of 18 days, but 
the septic temperature continued An exploratory celiotomy, on the eighth hospital day, 
showed a few adhesions beneath an old right rectus scar, but the ileus was due to a wide- 
spread inflammatory process Culture of the peritoneal exudate gave no growth An 
ileostomy was performed but did not function when the Miller-Abbott suction was discon- 
tinued The tube was withdrawn to the upper jejunum on three occasions and allowed 
to traverse and deflate the small bowel Purpuric manifestations continued and the 
patient complained so bitterly of the tube that it was removed on the eighteenth hospital 
day He died in shock two days later after a rectal treatment returned large quantities 
of bright red blood 


CASE REPORTS — GROUP 2 

Case 65 — P H , No 532,729 A poorly nourished girl, age 14, developed an acute 
ileus with peritonitis following appendicectomy without drainage for acute appendicitis 
Cultures of the peritoneal exudate showed a hemob^tic streptococcus and B coli The Miller- 
Abbott tube passed into the third portion of the duodenum four da3^s after operation, but 
the infected and edematous bowel was apparently powerless to advance the tube An 
ileostomy, performed on the sixth postoperative da}’', did not function, and the patient died 
12 hours later 

Case 66 — P H, No 374,518 A widespread hemolytic streptococcus peritonitis fol- 
lowed a cystocele repair in a female, age 41 When first seen four days after operation, 
the patient was markedly distended and vomiting fec^l fluid The surgeon reported that 
one of the sutures might have entered the peritoneal cavity and the possibility of a com- 
promised loop of bowel made exploration appear the logical procedure, but the patient 
refused a second operation The Miller-Abbott tube was placed at the pylorus under 
fluoroscopic guidance three times during the next two days, onl} to have it removed by the 
patient in spite of special precautions Operation was finally accepted on the sixth post- 
operative day, at which time ileostomy Avas performed, which, however, failed to func- 
tion and the patient died 24 hours later 

Cases 54 and 70 were moribund when seen Both had widespread peritoneal infec- 
tion, and very little time was spent attempting to pass the tube Ileostomy failed to func- 
tion in either case 

Case 69 was in good condition when first seen The obstruction vas caused by a 
large pelvic abscess due to a perforation of the sigmoid follo\Mng acute diverticulitis 
Roentgenograms, 24 hours after intubation, showed the tip of the tube in the upper 
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jejunum with all distention apparently confined to the large bowel A cecostomy was 
performed, and the patient’s abdomen became soft within three hours At operation, no 
dilated small bowel was seen, hence the Miller-Abbott tube was removed He developed 
a recurrence of small intestinal distention and a second intubation could not be accom- 
plished An ileostomy failed to deflate the small bowel The patient died of generalized 
peritonitis, \vith distention of the small bowel and bilateral pneumonia, two da\s after the 
second operation Autopsy showed multiple points of obstruction m the ileum as well as 
the sigmoid The small bowel obstruction w'ould have been demonstrated if the Miller- 
Abbott tube had been allow'cd to continue dow'invaid at the first intubation 

Case 71 — P H , No 541,231 A female, age 25, w'as admitted w'lth a generalized 
peritonitis following acute appendicitis Appendicectomy wnth drainage w'as performed 
on admission Distention was fairly w'cll controlled wnth duodenal suction until the 
eleventh hospital da}% wdieii routine methods gave no relief The continual drain of 
electrolytes and fluids wdiicli occurs with duodenal suction made this patient an exceedingl} 
poor risk for a second operation Miller-Abbott intubation was attempted on the eleventh 
hospital da>, but a single isolated loop of ileum had formed w'hicli would not allow' the 
balloon to pass into the small bowel Adhesions were divided at a second operation, on 
the twelfth postoperatne daj, and an ileostomv jierformed The patient died 24 hours 
later 

The one survival in the group (Case 55, P H , No 537,264) had a mechanical obstruc- 
tion at the site of a residual appendiceal abscess An ileostomv was performed and func- 
tioned w'ell, apparentlj, because the vigorous peristalsis proximal to the point of 
obstruction caused a reflex of the fluid and gas which could be evacuated bv the ileostomv 

Comment — These patients aie usuall}' desperately ill, and one hesitates 
to subject them to the discomfoit of fluoroscopic examinations, yet the pas- 
sage of the tube without fluoioscopic guidance is time consuming and often 
impossible All but one of oui failuies to pass the tube into the small bowel 
have occuned m this gioup The results that follow eaily and successful 
intubation amply justify the pioceduie Time consuming manipulation in the 
fluoioscopic loom is not wan anted, but the tip of the tube must be placed at 
the pylorus m oidei that it may piogiess spontaneously into the duodenum 
Oui mortality figui es for the two groups are not exactly comparable, since 
maii}'^ of those in which the tube was passed successful!)' into the small bowel 
did not develop generalized peiitomtis As pointed out pieviously, hovvevei, 
fiv'e of OUI failuies weie in the fiist ten cases in which we recommended 
suigery eaily, due to a lack of expeiience m the method 

Obseivations upon many cases will be requiied befoie the tiue v'alue of 
intubation is established beyond a question, but the diamatic suddenness w'lth 
which these patients w'eie conveited from a condition of alaiming distention 
and seiious outlook to one of compaiative well-being by deflation, and food 
and fluids by mouth, is sti iking The ileus accompanying a peritonitis adds a 
serious complication to a patient alieady struggling to suivive an ov'ervvhelin- 
ing infection The relief by intubation of distention and its piessuie effected 
on the cii dilation of the bowel plays an important idle in helping the patient 
tow'aid recov'eiy 

Although the ev'idence is slight at piesent, it w'ould appeal that eaily de- 

206 



Volume 111 
3s umber 2 


THE USE OF MILLER-ABBOTT TUBE 


flation will pi event the formation of mechanical obstiuctions that occui \\hen 
the bowel is left distended duiing the filnopuuilent stage of the disease 
Constrictions m the bowel lumen have been lepeatedly demonstialed ladio- 
giaphically in these cases Only two, hmievei, have leqiiiied opeiatne lelief 
All fatal cases showed massive adhesions causing multiple points of olistiuc- 
tion If mechanical obstiuction does occui, the tube offers the best method 
foi keeping the patient symptom fiee until infection with its soft adhesions 
subsides oi until the adhesions can be libeiated by a secondaiy opeiation 
Moieovei, with the tube acting as an ileostomy, the patient is maintained in 
an adequate nutiitional state on a lou residue diet and fluids by mouth 

Group 3 OhsU uchons ivifh Gangiene of the Boivel — The indisciiminate 
use of the Millei -Abbott tube in all cases of small intestinal obstructions would 
undoubtedly lesult m fatally delaying suigeiy in a ceitain number of cases 
with gangiene of the bowel Care must be used in selecting the cases foi in- 
tubation Opeiation is advised m all cases of acute ileus with (i) A history 
of a sudden onset of pain which peisists between ciampy attacks, (2) where 
localized tenderness is elicited or a tender mass is palpable, (3) wheie the 
white blood count lemains inci eased, and tempeiatuie and pulse late do not 
return to noimal aftei adequate fluids have been administei ed , and, finally, 
(4) in a few cases wheie the diagnosis is so obscuie that exploiation is 
necessary foi the piopei evaluation of symptoms Immediate opeiation was 
advised in nine cases, four of which did not have gangiene of the bowel and 
which would probably have been benefited by preopeiative deflation Fortu- 
nately, no case with gangiene of the bowel has had opeiation delayed foi 
intubation pui poses alone It must be lemembered that cases with gangiene 
aie encounteied in only about 5 to 10 per cent of the total cases of acute ileus, 
and surgei y alone has yielded very pool results 

Table V 

OBSTRUCTIONS WITH GANGRENE OE BOWEL 
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No 


Hospital No 
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Cause of Obstruction 

Dura- 
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Case 72 — P H , No 546,956 A male, age 44, was admitted with a five-day histor> 
of sudden onset of crampy abdominal pain, nausea and vomiting, diarrhea, and increasing 
distention Operation was advised because of localized tenderness, elevated temperature, 
and increased white blood count The Miller-Abbott tube was passed into the duodenum 
and continuous suction started while tlie patient was being prepared for operation At 
operation, a volvulus of the ileum was found, with approximately six feet of gangrenous 
bowel which had perforated, producing a diffusing peritonitis around a localized abscess 
Resection wnth end-to-end anastomosis was accomplished, and the Avound drained with 
two large rubber tubes and a silk tampon The Miller-Abbott tube w^as allowed to progress 
postoperatively, and fluids w^ere given by mouth after the second postoperative day Suc- 
tion Avas discontinued on the eighth postoperative da>, which w^as followed by a prompt 
recurrence of the ileus, which was again controlled bv starting continuous suction The 
tube was removed on the eighteenth postoperative day, when no ileus had occurred after 
a second tw^o-day trial without suction The recovery thereafter was une\entful 

Case 73 — P H , No 551,181 A female, age 67, \vas admitted wnth a 26-hour histor\ 
of sudden onset of crampv abdominal pain, increasing distention, nausea and vomiting 
The temperature was elevated and the white blood count \vas increased The patient had 
had a hysterectom> 20 > ears previousl> 

Immediate operation was performed, at which adhesions were divided, and the re- 
section of a 20 cm loop of gangrenous ileum, wdiich was found in the pouch of Douglas, 
undertaken A Murph} button was used to effect the anastomosis The Miller-Abbott 
intubation was started immediateh after operation, and the patient w^as kept deflated and 
comfortable for four days, wdien trial without suction resulted in a recurrence of the 
ileus Roentgenologic studies demonstrated a second obstruction, caused by the Murphy 
button^s having been cauglit in a sliarp angulation distal to the anastomosis The patient 
remained comfortable, wnth suction continued, until the Alurphy button could be removed 
on the sixteenth postoperative da}" Recover} w^as slow" but une\entful 

Case 74 — P H, No 53^r770 A female, age 13, three months after an appendi- 
cectomy, was admitted w"itli a histor} of sudden onset of cramp} abdominal pain, and 
nausea and vomiting beginning 16 hours previoush The temperature was normal but 
the white blood count w"as increased No distention could be noted in the abdominal 
roentgenograms, but a tender mass w"as palpable in the right low"er quadrant Operation 
was undertaken, at which a 12 cm loop of gangrenous ileum was removed, and an end-to- 
end anastomosis accomplished The Miller-Abbott tube w"as passed immediately after 
operation The abdomen remained soft during three daAs of small intestinal suction, at 
which time the patient passed a noi mal stool The tube w"as removed and recovery w"as 
uneventful 

Case 75 — P H , No 482,415 A female, age 40, w"as admitted wnth colicky epigastric 
pain, nausea and vomiting, without distention, for 24 hours’ duration Appendicectomy had 
been performed for acute mesenteric lymphadenitis tw"o months previousi} The roent- 
genograms of the abdomen showed no evidence of ileus Due to an increased w"hite blood 
count, localized tenderness, and a questionable mass in the right low"er quadrant — all 
present on the previous admission — the patient w"as admitted wuth a diagnosis of a recur- 
rence of acute mesenteric lymphadenitis Distention developed rapidly 24 hours later, 
and the patient went into profound shock The Miller-Abbott tube w"as introduced into the 
stomach and gastric suction staited wdiile the patient was being prepared for operation 
At exploration, a long loop of ileum was found strangulated by postopeiative adhesions, 
which made a resection necessary The patient became pulseless on the table She re- 
sponded to additional transfusions, but died in shock, 12 hours later No attempts had 
been made to advance the Miller-Abbott tube beyond the stomach 

Case 76 — P H , No 550,662 A female, age 26, w"as admitted to the Obstetric 
Service, wnth a history of sudden onset of crampy abdominal pain, nausea and vomiting, 
and increasing distention in the seventh month of her pregnancy Tw"o days later she 
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was delivered of a premature fetus, but her S3’mptoms continued When seen bj' the 
surgical consultant, two daj's after deliver}'-, the patient was in shock, markedl} distended, 
and had acute, generalized abdominal tenderness The Miller-Abbott tube was passed 
into the duodenum and suction started while the patient vas being prepared for explora- 
tion At operation, old adhesions between the uterus and appendices epiploica of sigmoid 
were found encircling and strangulating about one-third of the small bowel, vhich re- 
quired a massive resection The patient died in shock six hours after operation 

Comment — The Miller-Abbott tube has a place in these cases in the usual 
stormy postoperative peiiod The fiist two cases were gieatly benefited and 
the thud made more comfortable dm mg the immediate postoperative period 



Tig II — Carcmoma of Splenic rie\ure of Colon with Large Bowel Dis 
tention Plain roentgenogram of abdomen showing persistent large bowel 
distention after 48 hours of continuous suction with the iMi Her Abbott tube 
in the terminal ileum 


The remaining tvo cases were in profound shock vhen intubation was le- 
quested, too late for either suigery or intubation 

Large Bozvel Ohstmction — In mechanical, large bowel obstiuction with 
acute distention, oui experience seems to indicate that cecostomy lemains the 
treatment of choice In five such cases, the Miller-Abbott tube was passed to 
the ileocecal valve, without relieving the large bowel distention (Fig ii), 
although decompression of the small bowel did relieve nausea and vomiting 
However, the time required for the tube to reach the ileocecal region may well 
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allow a spontaneous ruptuie of a distended cecum and there is, theiefore, 
some dangei in delaying opeiation Decompiession of the laige bowel proliably 
fails because the ileocecal valve, foi some reason, seems to act as a baiiiei to 
the passage of the tube when cecum is distended 

Notwithstanding the foiegoing patients requiimg large bow^el resections, 
but wdio show no distention piior to opeiation, can be saved a pieliminary 
cecostomy by passing the tube befoie opeiation Continuous suction can be 
maintained af tei i esection and fluid and food given by mouth, after the second 
postoperative day, without causing distention or discomfort The tube can 
be kept in the ileum until the colostomy or the bowel anastomosis functions 
noimally Six such cases have been tieated wnth gratifying results These 
cases will be lepoited in detail in another communication 

Table VI 


SUMMAR\ or CASES OF SMALL INTESTINAL OBSTRUCTION TREATED WITH THE MILLER-ABBOTT 

TUBE AND SUROrRY 


Type of Obstruction 

No of 
Cases 

Operations 
for Ileus 

Died 

Mortality 

Noninflammatory Obstructions 

50* < 

27 

I 

2 0% 

A Paralytic type 

12 

I 

0 

0 

B Mechanical type 

38 

26 

I 

2 7% 

One case discontinued Patient hysterical 




Obstructions with Peritonitis 

21 - 

^ TO 

7 

33 3% 

Tube passed into small bowel 

14 

2 

I 

7 1% 

Tube failed to pass into small bowel 

7 

8t 

6 

85 7% 

Obstructions with Gangrene of Bowel 

5 

6t 

2 

40 0% 

Total cases 

Total cases with tube passing into small 

76 

43 

10 

n 2% 

bowel 

68 

35 

4 

5 9% 


t Two cases required two operations for ileus 

Discussion — One of the most impoitant requnements of the surgeon and 
ladiologist m introducing the use of the Millei -Abbott tube is patience It 
was difficult to secLiie coopeiation of the suigeon m earlier cases because, 
heietofoie, all cases with intestinal obstiuctions have been tieated as a surgical 
emergency and the suigeon hesitated to accept a method, still in the experi- 
mental stage which often requiied a delay in opeiation as long as 24 to 48 
houis Apparently, many suigeons have tiied to use the method and dis- 
carded it as impiactical aftei failing to reach the duodenum within a few 
hours Both Abbott and Johnston mention this difficulty in cases with disten- 
tion, and point out that considerable time and caieful attention aie necessary 
for successful intubation One surgeon 1 ecentl}^ stated that he had ti led to pass 
the tube foi 45 minutes but, of course, failed and has since discarded its use 
Several of our own early failui es were due to the fact that sufficient time Avas 
not allowed for the preliminary deflation of the stomach, but now, with grow- 
ing confidence in the method, we do not hesitate to delay operation two days, if 
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necessaiy, to pass the tube into the duodenum Duung this period, gastiic 
suction alone will maintain the patient in as good oi better condition if the 
fluids aspirated fiom the stomach are replaced in adequate amounts by 
parenteral routes 

SUMMARY 

(1) Seventy-six cases of small intestinal obstruction have been tieated 
with the Millei -Abbott pimciple, as originally leported by Abbott and Johns- 
ton The pi ocedui e has been used ( i ) In paralytic ileus to deflate the bowel 
and demonstiate the patency of the bowel lumen, (2) 111 mechanical obstruc- 
tions for deflation, diagnosis and localization of the lesion, (3) foi the pie- 
operative administration of food and fluids by mouth, w hile the tube is sei ving 
the purposes of an ileostomy, and (4) foi the control of postopei ative disten- 
tion in any type of case 

(2) A simple method of intubation is outlined uhich has been successful 
m passing the tube into the small bowel m 68 of the 76 cases It is significant 
that five of the failui es occurred m the first ten cases treated 

(3) Each case of small intestinal obstruction piesents an individual piob- 
lem 111 intubation, but the essential featuies used m the selection of cases are 
presented by dividing them into three clinical gioups which lequiie, for the 
most part, a similai method of procedure 

(4) The diagnostic value of the Miller- Abbott tube is graphically illus- 
trated in the detailed reports of typical cases m each gioup 

(5) The theiapeutic value of the Millei -Abbott tube is emphasized by the 
low mortality figure of 5 9 per cent m 68 cases 111 which the tube was success- 
fully employed Previous mortality figui es fi om this hospital, repoi ted by V an 
Beuren and Smith,'’ lange fioni 66 6 pei cent (during 1916-1919) to 276 
per cent (dm mg 1932-1935) 

(6) Cecostomy is the tieatment of choice in cases with laige bov el obstruc- 
tions showing distention prioi to opeiatioii, but unnecessary cecostomies ma}'^ 
be avoided in cases requiimg large bowel lesections wheie theie is no dis- 
tention pi lor to operation 

(7) Gangiene should be suspected and an immediate opeiation recom- 
mended for all patients giving a history of a sudden onset of pain which per- 
sists between ciampy attacks and who show localized tendeiness over a 
palpable mass 


CONCLUSION 

The Millei -Abbott method of small intestinal intubation is an indispensable 
aid to the piopei management of small intestinal obstuictions 
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A TWENTY-YEAR CLINICAL SURVEY 

Louis J Morse, M D , 

Richmond Hild, N Y 
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Milton J Rader, M D 
Brooklyn, N Y 

FROM THE SURGICAL SERMCES OF THE JEHISH HOSPITAL, BROOkLlN, ^ \ 

Acute appendicitis still leraams a mocking challenge to those who piac- 
tice the art and science of medicine, m spite of all the advances made b}' 
surgei y during the past two decades 

More than 20 years ago, Murphy decried the apparent increase m the death 
rate of appendicitis when he forcefully stated “In looking up recently the 
hospital statistics on the results of opeiations for appendicitis, what moitaht}' 
rate do you suppose I found ^ The average hospital mortality late is just 
a little over 10 per cent' There is no excuse for a moitahty rate of 10 per 
cent m appendicitis The rate is simply shocking These patients did not die 
because of the operation — do not misunderstand me — they died in spite of it 
Procrastination was the cause of death — the almost criminal cause ” And 
now, more than two decades after these memorable words were uttered — ^\vhat 
do we find^ An average mortality rate throughout the United States of ovei 
10 per cent 

Acute appendicitis continues to be the most fiequent indication foi major 
surgical intervention to-day Yet it ranks second only to cancer among sur- 
gical diseases as a cause of death foi all ages According to Ochsner, m 1936, 
one person m the United States died every 29 minutes from appendicitis 
Vital statistics of the United States, for the year 1920, place the mortality 
rate for acute appendicitis at nine for each 100,000 of population, and at 14 3 
per 100,000 for the yeai 1934, 18,129 deaths* The Metropolitan Life Insui- 
ance statistics indicate that the mortality rate of acute appendicitis rose from 
10 6 per 100,000 for the period 1911 to 1914 inclusive, to 14 i for the period 
f 10111 1927 to 1930, inclusive In New York Cit}'-, the death rate from appen- 
dicitis averages about 14 per 100,000 of population yearly, 1,149 deaths occur- 
iing m New York City m 1934 were due to appendicitis 

Of 4 i 542 cases of acute appendicitis for the years 1921 and 1931, studied 
liy Krech, in 14 Grade A hospitals, the operative mortality was 7 per cent In 
these 14 excellent institutions, no appreciable decrease m the mortality late 
fiom acute appendicitis had occurred in a decade— an appalling situation, an 
indictment against the medical profession * 

While a review of the experience of the outstanding clinics shows figures 
Submitted for publication Januarj 13, 1939 
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better than a mortality i ate of 7 per cent, in many cases, the toll is nevertheless 
too high Thus, Seifeit lepoits a total moitality foi the decade, 1911 to 1920, 
to be 6 8 pel cent at the Wuizbeig University dime and 3 5 per cent during 
the next decade (1922-1931) 111 2,763 cases Reviewing 2,000 cases of acute 
appendicitis. Swam lepoited an aveiage moitahty rate of 325 per cent, in 
1934 Wevill and Wallace studied 8,265 cases at the Royal Infiimary at Edm- 
buigh, and found that a mortality late of 4 4 pei cent had not significantly 
diminished ovei a lo-year peiiod Z Mullet peifoimed 1,087 appendicec- 
tomies ovei an ii-yeai peiiod, and leported a moitahty rate of 6 per cent for 
the acute type Donaldson analyzed 2,700 cases of acute appendicitis at the 
Meicy Hospital m Pittsbuigh, and found a death rate of 481 per cent 
McKenna repoits on 1,257 acute cases at St Joseph’s Hospital during the 
yeais 1922 to 1935, with fatalities leachmg 5 pei cent In 1,734 cases studied 
at the Andeison County Hospital, Young found a total death rate of 4 3 per 
cent In 1934, Stanton analyzed 16,424 cases with a death 1 ate of 5 4 per cent, 
and found that 20 yeais pi 101, m 4,343 cases, the toll was 62 per cent 
Jensenius analyzed 1,933 cases admitted to the Bespebjoeig Hospital, Copen- 
hagen, duimg 10 yeais Of the 1,592 patients opeiated upon, 109 died, or 
6 85 pei cent Rhodes made a clinical review of 1,000 consecutive cases of 
acute appendicitis at the San Fiancisco Hospital, and during the lo-year 
period, found an opeiative moitahty of 3 6 per cent Lazzanni recorded his 
obseivations on 800 cases of acute appendicitis opeiated upon in the Ospedale 
Maggiore of Milan, with a moitahty late of 12 pei cent In a survey of 
10,000 cases tieated at the Piovidence Hospital of Detroit, Davis leported a 
mortality late of 3 8 pei cent A notable contribution is that by Guerry,^'^ 
who by delayed ojieiation in 139 cases, vas able to reduce the mortality rate 
fiom 10 pei cent m diffuse peiitonitis to i 5 pei cent Reid, m a study of 
2,806 cases, duimg the past 12 years, was able to 1 educe the late from 9 5 to 
5 4 pel cent Holden and Wells analyzed 3 526 acute cases in four hospitals 
in San Diego, with a death late of 82 pei cent Reviewing 518 cases of the 
acute type m the Univeisity of Minnesota Hospitals, Sperling and Myrick 
found no appieciable decline m moitahty had occuried during 20 years Ray, 
moie lecently, lepoited a moitahty late of 2 i per cent, in 886 cases of acute 
appendicitis opeiated upon at the New York Hospital 

Scope or Investigation — Confronted wnth this airay of figures from 
vaiious clinics, and fully aware of the dissatisfaction of the profession wuth 
the results obtained, we weie mteiested in studying the problem at our own 
institution Oui inteiest was tw^o-fold In an institution where the acute 
suigical seivice is veiy active and wdieie opeiations foi acute appendicitis 
over a period of 20 years totaled almost 9,000 cases, we weie quite certain 
that instructive information would result from a detailed study, sdmething 
consti uctive, to aid 111 dismissing the indictment of too high a mortality In 
addition, we were interested to find out how w'^e fared in compaiison wath 
othei clinics — ^\vhether we w'^ere justified in continuing oui time-tiied methods 
or whether we should discard them 
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This leport lepresents every case of acute appendicitis operated upon at 
the Jewish Hospital of Brooklyn during the peiiod of 20 yeais (Januaiy i, 
1915-December 31, 1934, inclusive) No case is included unless proven b} 
pathologic examination to be one of acute appendicitis Wheievei some 
doubt existed as to the acuteness of the process, such case uas omitted 
However, in those cases wheie no appendicectomy was peifoimed, the opeia- 
tive findings were such as to leave no doubt as to the cause of the peritoneal 
involvement 


Table I 


REVIEW or MORTALIT\ RATES AS REPORTED IN LITERATURE 



Period 

Cases 

Deaths 

Rate 

Krech‘ 

1921 and 1931 

4,662 

318 

7 0% 

Seifert^ 

1911-1920 

1.350 

92 

6 8 


1922-1931 

1.413 

49 

3 5 

Swam^ 


2,000 

65 

3 25 

Wevill and Wallace* 


8,265 

364 

4 4 

Muller^ 


1,087 

65 

6 0 

McKenna^ 


1,257 

63 

5 0 

Young® 


U734 

75 

4 3 

Stanton® 

1934 

16,424 

887 

5 4 


1914 

4.343 

270 

6 2 

Jensemus*® 


1,592 

109 

6 85 

Rhodes** 


1 ,000 

36 

3 6 

Lazzanni*® 


800 

96 

12 0 

Davis*® 


10,000 

380 

3 8 

Reid*® 


2,806 

180 

6 4 

Holden and Wells*® 


3,526 

290 

8 2 

Sperling and Mynck’* 


518 

29 

5 6 

Ray*® 


886 

19 

2 14 

Morse and Rader (present report) 

191 5-1934 

8,727 

188 

2 15 

Totals 


73,070 

3,575 

4 89% 


In this 20-yeai period under consideiation, 8,727 cases weie examined in 
considerable detail In order to standaidize our statistical findings, we have 
employed certain teims, and to be sure of our terminology, a few definitions 
aie essential 

In reviewing the hteiatuie, appendicitis, as presented 111 the acute foim, 
may be eithei nonpei forated 01 perfoiated Nonpeiforated acute appendicitis 
oui pathologist has classified as acute catarrhal, acute suppuratne 01 acute 
gangienous Perfoiated instances of acute appendicitis we have subdivided 
into those wheie First, the peifoiation lesulted m no local or diffuse peii- 
tonitis, but merely caused either the omentum, 01 some viscus to attach itself 
to the perfoiation and no peiitoneal pathologic piocess was encounteied 
macioscopically Second, those pei forated lesions uhich precipitated active 
peritoneal complications, such as local peiitonitis, diffuse peiitonilis Third, 
definite abscess foimation In our presentation, we ha\e purposely omitted 
the term “geneial” peiitonitis and consideied all forms of spieadmg peiitoneal 
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inflammation difl:use, because of the possible erroi that any such term as gen- 
et al peiitonitis may cany with it 

Proper evaluation of statistics m acute appendiceal inflammation must 
cany with it the exact type of the acute process found, for the prognosis m 
the nonpei forated variety certainly is much better than m the perfoiated form 

The question may arise, of what value aie statistical lepoits? We believe 
much can be learned, not m praising the general outcome, but in trying to 
analyze the cause of oui failuies, as we believe that the last word in the treat- 
ment of acute appendicitis has not yet been said To be sure, opeiation as 
soon as the diagnosis is made is still an excellent ti eatment , but how shall we 
improve oui results m the late, complicated, neglected cases ^ Can that moi- 
tality rate be reduced ^ 


Table II 

ANNUAL MORTAI ITY RATE, JEWISH HOSPITAL SERIES 
Period JQIS-1934, mclusue 

Mortality 


Year 

Cases 

Deaths Percentage 

19^5 

397 

12 

3 02 


igi 6 

442 

19 

4 29 


1917 

404 

13 

3 21 


1918 

405 

9 

2 22 


1919 

4^7 

12 

2 87 

^ Average 

1920 

394 

9 

2 28 1 

2 73% 

1921 

393 

13 

3 30 


1922 

400 

9 

2 25 1 


1923 

448 

21 

2 45 j 


1924 

433 

6 

I 37 J 


1925 

398 

4 

I 00 ' 


1926 

40s 

5 

I 23 


1927 

469 

13 

2 77 

1 

1928 

346 

6 

I 73 


1929 

413 

9 

2 99 

Average 

1930 

468 

14 

2 17 

^ 1 63% 

193 ^ 

556 

0 

0 00 


1932 

471 

2 

0 42 


1933 

563 

II 

I 95 


1934 

505 

II 

2 17 ^ 


Totals 

8,727 

188 

2 15 



Acute appendicitis is not a finished subject Of course, early operation 
would eliminate all our problems Eaily operation cairies with it the necessity 
of early diagnosis Eaily diagnosis does not always carry with it the consent 
of the patient to submit to operation Early diagnosis is not always a simple 
problem, and although acute appendicitis may be one of the most apparent 
diagnoses, yet there is not one of us who has not been chagrined to learn that 
we erred It may be so protean m its manifestations, that the acuity of any 
surgeon or internist alike may be taxed to the limit How to improve our 
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diagnostic acumen may require nothing other than the lealization of how 
varied may be the clinical picture that presents itself AVe hope, m the present 
review, to recognize every variety of appendicitis that has been encountered 
As stated previously, the early variety requires ver}'' little to be desiied, for w^e 
can, as have many others, boast of a mortality rate of less than one-third of 
I per cent, i e , one death m 300 cases Howevei, the stoiy is far from encour- 
aging in the late or perforated type, for here the deaths mount in oui diffuse 
peritonitis group to one in three It is this group that commands oui particu- 
lar consideiation, and it is to this group that we shall chiefly concentrate our 
analyses 

We have, foi completeness, analyzed our 20-3'eai study 111 yearly consid- 
erations, 7 e , examined the improvement or lack of improvement during the 
period review'ed 

Sex incidence, to us, seemed a rathei unimpressive factor, however, a 
detailed study was made 

Age — a rather important consideiation, especially at the extremes of life — 
has been a factor that deseived complete investigation — m fact, so much so 
that w''e believe it wan ants particular study This analysis wall be considered 
in detail in another communication 

The time element, too, is extiemely important, not only in mortality out- 
come, but in morbidity results , and w^e have scrutinized, as carefully as possi- 
ble, the results of those operated upon after a varying number of days of 
delay 

Tempeiatuie, pulse and laboratoiy data, too, have been extensively ana- 
l^^zed, as the reports attached wall show 

There can be no doubt that the greatest single factoi that determines the 
prognosis m acute appendicitis is eaily opeiation All statistical reports bring 
home the fact, and anyone wath surgical expeiience cannot but be convinced 
of this axiomatic conclusion Yet the fact still lemains that delay is rampant 
and the neglected case must be managed 

Oui records are creditable, and w^e are gratified to report progress m the 
results, during the second decade under consideiation, as compaied wath those 
of the first lo-yeai period 

Mojfahfy Rate — Thus, w'e w^eie able to 1 educe oui moitality rate, for the 
decade 1925-1934, to i 63 pei cent, from 273 per cent, for the period 1915- 
1924 The numbei of cases of our total senes w^as 8,727, 4,133 operated 
upon dining the fiist decade of our senes, and 4 594 during the second half of 
our 20-year penod Theie can be no doubt that statistics, in themselves, ha^e 
little value, foi the bettei results may merely repiesent good fortune in oper- 
ating upon mildly afflicted cases How^ever, wdien w^e consider that over a 
penod of 20 years, neail)' 9,000 cases were encountered, surely some instruc- 
tive conclusions should be developed 

In leviewing Table II, we w^ere encouraged to find that during the year 
556 cases w^ere operated upon wathout a single death, and the followang 
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year, 471 cases showed but two deaths, or two deaths in 1,027 cases, a tiuly 
remtLrkable record 

Sex Incidence — We are of the opinion that sex has very little, or no 
significance in relation to the pi oblem of acute appendicitis However, in this 
statistical study, foi the puipose of thoroughness, there are a few observations 
which we have noted In common with the experience of others, we have 
found a slight pieponderance of males over females (4,833 to 3,894), a ratio 
of appi oximately 5 to 4 There were 116 deaths among the males, a mortality 
percentage of 2 4 The female deaths numbered 72, a rate of i 84 per cent 

Age Incidence and Moitahty — Of more significance is the study of the 
relationship of age incidence to mortality Here, too, oui findings are in 
accord with those of other investigators The frequently repeated statement 
that the mortality late of acute appendicitis is greatest at the extremes of life 
is well corroborated by our statistics Table HI clearly illustiates this Thus, 
in the first decade of life, theie were 1,610 cases operated upon, with 44 
fatalities, a death rate of 2 73 pei cent This is three times as high as the rate 
in the next succeeding decade, where our laigest gioup of cases, according to 
age, occurred Of couise, a death rate of 2 73 per cent may not seem unduly 
high Howevei, m a subsequent leport, where we intend to study this prob- 
lem more thoroughly in children below tbe age of five, we know definitely 
that the toll is higher Biiefly, this is due to the difficulties of establishing an 
early diagnosis 111 the vei y young, as well as the more rapid progression of the 
pathologic process , the vulnerability of the peritoneum to infection , and the 
lack of omental protection Acute appendicitis is essentially an illness of 
adolescence and early adult life Between the ages of ii and 40, there were 
a total of 6,128 in our series of 8,727, about 70 per cent of all studied 

Table III 

AGE INCIDENCE IN RELATION TO MORTALITY RATE 


Age 

Cases 

Deaths 

Mortality 

Rate 

To II 

1,610 

44 

2 73% 

0 

1 

2,822 

24 

0 85 

2X~30 

2,182 

23 

1 05 

31-40 


28 

2 47 

41-50 

564 

37 

6 56 

- 51-60 

266 

13 

4 88 

61-70 

114 

19 

16 16 


It IS interesting to note that the death rate was lowest during the second 
decade, slightly highei in the third decade, definitely mounting in the fourth 
and then jumping rather rapidly to a figure of 6 5 per cent in the fifth decade 
Between the ages of 51 to 60, the rise was not appreciable However, beyond 
age 60, the figure assumes formidable proportions Here the toll is at its 
greatest, 16 16 pei cent The difficulty does not he in making the diagnosis 
Age brings with it the complications of degenerative processes, and metabolic 
disorders, so that the human organism is less able to cope with acute infectious 
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processes Thus, in revie\\ mg our mortalities, \\ e shall find later that a goodly 
number of our aged individuals succumbed because of impaired cardiovasculai 
systems, and metabolic diseases, as well as from peritonitis 

Dwation of Illness and Moifalify — Undoubtedly, the most impoitant 
single factor m lowering the mortalit}’’ of acute appendicitis is the lapidity AMth 
which surgical intervention is undertaken McBurney, Murphy, Deavei and 
many others have emphasized and reiterated this fact As long as the infec- 
tious piocess remains localized to the appendix, the mortality rate will be kept 
at an irreducible minimum Once the pathologic process extends beyond the 
confines of the organ to involve the peritoneum, complications, with an attend- 
ant rise m morbidity and inoitahty, ensue To prevent this, it is necessaiy 
to operate as early as possible As a rule, during the first 24 hours, the 
inflammation remains localized to the appendix While ne encountered sev- 
eral cases where perforation had occurred within the 12-hour period aftei the 
onset of symptoms, then paucity was such as to strikingly emphasize the 
generalization just made 

Table IV 

MORTALITY IN RELATION TO DURATION OF ILLNESS 

Mortality 


Days 111 Before Operation 

Cases 

Deaths 

Rate 

First 24 hrs 

2,850 

17 

0 59% 

1-2 days 

2,424 

35 

1 44 

2-3 days 

0435 

32 

2 23 

3-4 days 

742 

33 

4 44 

4-5 days 

384 

25 

6 51 

5-6 days 

190 

10 

5 26 

O^er 6 days 

645 

33 

5 11 

Unknown 

57 

3 

5 26 

Comparative mortality, first 3 days 

First 24 hrs 

2,850 

17 

0 59 

First 48 hrs 

5.274 

52 

0 98 

First 72 hrs 

6,709 

84 

I 24 


In our series, 2,850 cases weie operated upon within 24 hours after the 
onset of symptoms These lepresented, roughly, about one-third of our series 
Seventeen m this eai ly group died, a inoi tality rate of 0 59 per cent In othei 
words, the average chance of lecovermg from acute appendicitis, when sub- 
jected to surgery within 24 hours of the onset, was 1988 out of 200 cases, 
w'hich probably represents an 11 reducible minimum In the second 24 hours 
of illness, 2 424 cases w'ere operated upon , 35 succumbed and the mortalit} 
rate rose to i 44 per cent — almost three times as high as during the first 24 
hours With each succeeding day of delay, the appended Table lY graph- 
ically depicts a rise m the death rate Five thousand, tw^o hundred sevent} - 
four cases w^ere operated upon wnthm 48 hours, wnth a creditable recover} 
record of 9902 per cent Of patients operated upon during the third day of 
illness, we had 1,435. '^'Fh 32 failing to survive, showing a mortality rate 
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almost foul times as high as that encountered in the fiist gioup of cases 
Thus, over three-quai tei s of oui cases were subjected to operation within 72 
hours of onset, with a mortality late of i 24 per cent After the third day, 
the death rate climbed lapidly to 4 4 per cent between the seventy-second and 
ninety-sixth hours, and to 6 5 pei cent fiom the fourth to fifth days Fortu- 
nately, less than one-quarter of our cases came to operation after the third 
day , and this fact unquestionably contributed to our low death rate After the 
fifth day of illness, operation yielded lecoveries m somewhat less than 95 pei 
cent of the cases 

There are some who advocate the postponement of opeiation after acute 
appendicitis has existed for over 72 houis While there may be some merit 
m this practice, such has not been our procedure As soon as the diagnosis 
was made and the patient hospitalized, surgical intervention was instituted 
Each case has to be evaluated individually, and not treated by any rule of 
thumb Many of our cases operated upon after the third day still showed a 
lesion confined close to, if not solely to, the appendix There were, it is true, 
a number of patients in a moribund state, who were subjected to suigeiy 
This constituted poor judgment and increased our moitahty rate On the 
whole, however, we believe excellent judgment was displayed as to the proper 
time to operate In closing the discussion of this particular aspect of the 
pioblem, let us reemphasize Operate within 24 hours of the onset of symp- 
toms, and, other things being equal, the deaths m acute appendicitis will be 
reduced to the lowest figure humanly possible 

Tempei atw e Reaction — A rather detailed study was made of the tempera- 
ture reaction to acute appendiceal inflammation Referring to Table V, we 
observe that the majoiity of cases did not have an elevation of temperature 
above 102° F As a matter of fact, 6,790 cases, or over 75 per cent of our 
total, showed a febrile reaction below 102° F In less than 25 per cent of the 
cases was there a temperature range from 102° to 105° F 

Table V 

TEMPERATURE REACTIONS 



No of 

Percentage 

Degrees Fahr 

Cases 

of Total 

Under lOO 

1.831 

20 97 

lOO-IOI 

2,794 

32 II 

101-102 

2,165 

24 80 

102-103 

1,203 

13 78 

103--104 

534 

6 II 

104-105 

158 

I 81 

Over 105 

38 

0 41 

Unknown 

4 

0 01 


The majority of the cases showing a low febrile movement fell into the 
group of uncomplicated cases, i e , without peritoneal reaction or involvement 
Those cases with fever above 102° F , generally speaking, were complicated by 
some degree of peritonitis 


220 



Volume Jll 
lumbers 


ACUTE APPENDICITIS 


Oui impressions from the study of this aspect of the disease is that acute 
appendicitis pe} se is attended with only a moderate febiile leaction, and the 
presence oi absence of fevei is of limited aid m the differential diagnosis We 
have observed many cases of acute gangrenous inflammation of the appendix 
with temperatures ranging below ioo° F So that, m the presence of other 
signs pointing to a diagnosis of acute appendicitis, a noimal oi slightly ele- 
vated tempeiature should not be permitted to sway one avay fiom the opinion 
entertained 


Tablc VI 


RELATION or TEMPERATURE TO DURATION OE ILLNESS 


Temperature 

I Da}’’ 

2 Days 

3 Days 

4 Days 

5 Days 

6 Days 

Over 

7 Days 

Under 100 

842 

417 

218 

103 

62 

22 

153 

I 00-10 I 

1. 431 

568 

298 

146 

77 

42 

169 

101-102 

1,042 

564 

263 

103 

60 

31 

115 

102-103 

471 

375 

162 

77 

31 

17 

70 

I 03-1 04 

00 

160 

86 

32 

17 

9 

45 

104-105 

40 

55 

25 

8 

II 

7 

II 

Over 105 

12 

13 

2 

5 

2 

2 

2 


Table VI shows the vaiiations of the temperatuie leactions accoidmg to 
the duiation of the illness This, too, seems to coiioborate the fact that dur- 
ing the first 48 houis, when the gieatest number of uncomplicated cases were 
seen, there also occuiied the gieatest nunibei of cases with low febiile reaction 
Pulse Rate — Biief mention may be made relative to the pulse rate in acute 
appendicitis (Table VII) The pulse late on admission was noted in our 
analysis in every case (except in a few infants, wheie the pulse rate was not 
lecorded) 

We may iiifei that m a good majority of cases, acute appendicitis is accom- 
panied by a definite elevation m the pulse rate (70 per cent), occuiring some- 
where between 91 and 120 plus 


Table VII 


ANALASIS or PULSE RATE 


Pulse 

No of 
Cases 

Percentage 
of Total 

Under 70 

no 

I 25 

0 
00 

1 

0 

755 

8 64 

8i“' 90 

r.579 

18 08 

91-100 

2,289 

26 22 

lOI-IIO 

1 ,289 

14 76 

111-120 

1.633 

18 70 

Over 120 

1 ,052 

12 35 


Blood Reaction — The 1 espouse of the leukocytes to acute inflammation of 
the appendix was studied in seai clung detail We attempted to establish the 
1 elationship if any, betw'een leukocytic leaction and the ele\ation in tempera- 
tine Oui investigation seived to show no con elation 111 this lespect Pro- 
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portionately, theie were just as many instances with high leukocyte counts 
where the temperature range was ioo° F or below, as theie were when the 
febrile response was 103° F and ovei The exti ernes of blood counts varied 
fiom 8,000 W B C , with 70 per cent polymorphonuclear leukocytes, to 39,000 
W B C , with 95 per cent polymorphonuclear leukocytes In general, our 
studies showed that acute appendicitis was attended with a leukocytosis aver- 
aging between 12,000 and 18,000, and a polymorphonuclear count between 
75 and 90 per cent 

Incidence of Pi evious Attacks — A study was made of those cases of acute 
appendicitis that had had previous acute attacks Referring to Table VIII, 
one notes some inteiesting data 

Table VIII 


ANAL\SIS or INCIDENCE OE PREVIOUS ATTACKS 


No of 


First 

Sec- 

ond 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Cases 

Pathologic Process 

Day 

Day 

Day 

Day 

Day 

Day 

Day 

805 

Acute catarrhal 

318 

204 

98 

46 

34 

17 

88 

862 

Acute suppurative 

476 

189 

79 

46 

22 

7 

43 

556 

Acute gangrenous 

395 

159 

50 

18 

6 

I 

17 

335 

Acute perforative 

144 

115 

50 

8 

3 

6 

9 

127 

Abscess 

19 

25 

29 

10 

8 

3 

33 

2,685 

Totals 

1 ,262 

692 

306 

128 

73 

34 

190 

111 all, theie were 2,685 

cases opeiated upon that had had 

one 1 

or more 


pi evious attacks, about 30 pei cent of the total Of these, we find that in the 
first decade studied, 1,465 cases out of a total of 4,132, or 35 per cent, had 
had previous attacks In the second decade, out of a total of 4,595 cases 
coming to operation, only 1,220 cases, or 26 per cent, had been previously ill 
with appendicitis Thus, in one decade, there was a reduction by 25 per cent 
of patients who had had previous attacks We believe this to be quite sig- 
nificant To us, it indicates that both physicians and patients have become 
more “appendicitis conscious’’ and aie less willing to tempoiize with this con- 
dition To further substantiate this contention, we find that 1,262, 01 roughly 
50 per cent, of patients who had had previous attacks were opeiated upon 
duiing the first 24 hours of the present illness This percentage excels by 
far the figure of 32 per cent previously leported, of the 2,850 cases m oui 
total series, that came to operation during the fiist 24 hours of illness 

In reviewing the statistics m Table VIII, we feel that the occurrence of 
previous attacks does not seem to appreciably influence the lelationship exist- 
ing between the pathology encountered and the duration of the piesent attack 
Anesthesia — Until 1927, inhalation anesthesia, ether alone, nitious oxide 
and ether, or nitrous oxide augmented by local novocain infiltration, was em- 
ployed almost exclusively A veiy small number of opeiations ueie per- 
formed under local anesthesia alone In 1927, spinal anesthesia was intro- 
duced into our institution, and 36 appendicectomies weie performed for acute 
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appendicitis under this anesthetic Fiom then on, all ha^e fa\oied the use 
of spinal ovei inhalation anesthesia Not only have \\e obtained better re- 
laxation, but we have definitely secui ed a low ei mg of postopei ative complica- 
tions due to the anesthetic pei sc Another point of importance is, that wuth 
spinal anesthesia, w^e have been able to avoid the “pumping action” of the 
abdomen incident to induction with a geneial anesthetic and its harmful effect 
on peiitoneal inflammation 

Six thousand, six hundred foity-one cases w^ere opeiated upon under gen- 
eial inhalation anesthesia, wuth 90 instances of postoperative lespiratory com- 
plications, an incidence of i 35 per cent Of 1,990 appendicectoinies, pei- 
foimed under spinal anesthesia, only tw^o patients developed respiratory 
moibidities (o i pei cent) In 96 cases, local anesthesia was employed, and in 
one patient a postopei ative lespiiatory complication arose Thus m our 
series, spinal anesthesia proved to be the most favoiable 

Pathology and Mortality —Again, let us leiterate that gioss statistical 
figures carry no w^eight and teach nothing Analyzing these mortality rates, 
in terms of pathologic entities, dining the 20-year peiiod under consideration, 
shows that i,754 cases w'eie diagnosed, pathologically, as acute catairhal ap- 
pendicitis Four of these patients died, a rate of 0 22 per cent, 2,771 were of 
the acute suppurative type — of these eight died, a mortality rate of 0 28 per 
cent During that same period, 1,939 cases of acute gangrenous appendicitis 
w^ere encouiiteied, wuth 20 deaths — a rate of i 03 per cent In other wmrds, 
appendicectoniy w^as pei formed in 6,464 cases of nonpei f orated appendicitis 
with but 32 deaths, 01 0 50 per cent , or less than one death m 200 cases, and 
that wdiere 4,270 cases weie acutely suppurative or acute gangrenous (Table 
IX) If such a lecoid lesulted in our perfoiated vaiiety of appendicitis, 
then, and only then, could we rest as having solved our problem of acute 
appendicitis wuth dispatch Unfoitunately, this is not the case 

Table IX 

MORTALITY RATE IN CASES OF NONPEREORATED APPENDICITIS 




No of 


Mortality 


Type of Pathology 

Procedure 

Cases 

Deaths 

Rate 


Acute catarrhal 

Stump inversion 

U 753 

4 

0 22% 

jo 22% 

Acute catarrhal 

Without stump inversion 

I 

0 

0 00 

Acute suppurative 

Stump inversion 

2,754 

8 

0 28 

1 0 28% 

Acute suppurative 

Without stump inversion 

17 

0 

0 00 

Acute gangrenous 

Stump inversion 

1,906 

18 

0 94 

} I 05% 

Acute gangrenous 

Without stump inversion 

33 

2 

6 06 


In explanation of Table IX It has been oui practice to invert appendicu- 
lar stumps m pei forming appendicectoniy, and wdieie such had not been ear- 
ned out, there must have been entailed, such pathologic involvement of the 
cecum as to forbid stump inversion How'ever, since no peritoneal involve- 
ment of the acute process presented itself, the cases must still be considered, 
and lightly so, as nonperfoiated 
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Table X 

MORTALITY RATE IN CASES OF PERFORATED APPENDICITIS 




No of 


Mortality 


Type of Pathology 

Procedure 

Cases 

Deaths 

Rate 


Perforated appendi- 

With stump inversion 

964 

15 

1 55% 1 

' I 56% 

citis 

Without stump inversion 

60 

I 

I 66 J 

Abscess 

With stump inversion 

419 

24 

5 72 ] 

1 


Without stump inversion 

100 

10 

10 00 

' 6 02% 


Without appendicectomy 

144 

6 

4 17 J 


Local peritonitis 

With stump inversion 

303 

16 

5 28 1 



Without stump inversion 

30 

6 

20 00 1 

j- 6 54% 


Without appendicectomy 

3 

0 

0 00 J 


Diffuse pentomtis 

With stump inversion 

172 

41 

23 80 1 



Without stump inversion 

41 

17 

41 50 j 

1-32 50% 


Without appendicectomy 

27 

20 

74 00 J 



The results of oui perforated cases (Table X), leave much to be desired, 
in spite of the fact that they compare favoiably with many, if not all, of 
the better clinics Those perfoiated cases, that piesented little or no macro- 
scopic peritoneal involvement, were 1,024 m numbei, with 16 deaths, a rate of 
r 56 pel cent Even this record could be well tolerated, but, when we begin 
to examine our lesults with local peiitomtis, abscess formation and diffuse 
peritonitis, theie can be no doubt but that there is room for impiovement 
As could be well expected, the results with local peritoneal involvement and 
those with abscess foimation present piactically identical figures, namely, 663 
cases of acute appendicitis with resultant perforation and abscess formation 
3uelded 40 deaths, a 6 03 per cent mortality late, wheieas 336 perforated ap- 
pendices with local peiitoneal inflammation resulted in 22 deaths, or 654 
cent Therefore, it can be understood why both these entities should be con- 
sidered undei one category If this group is so consideied, 999 cases were 
encountered with 62 deaths, a rate of 6 2 pei cent The deaths in this group 
should be instructive, and in oui analysis of those who succumbed, we hope 
much may be elucidated 

Perforated appendicitis with diffuse peritonitis is a blot that must be eradi- 
cated So long as the medical profession allows the appendiceal perforation 
to spread its infective material throughout the peritoneal cavity, just so long 
will the death rate of appendicitis remain where it is There can be no 
excuse for a diffuse peritonitis in acute appendicitis Perforations may occur, 
but certainly theie can be no justification for allowing the peritoneum to be 
virtually inundated with the infection Pei f 01 ations may occur early, prob- 
ably too soon for the physician to help, but, certainly, proper caie can pre- 
vent transforming a local peritonitis into a diffuse one 

Patients must be taught the dangei of using cathartics to relieve ab- 
dominal pain Physicians, too, must be impressed with the realization that 
there can be no condonation for effecting a bowel evacuation that results in 
diffuse peritonitis There can be no midway course, when the diagnosis of 
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acute appendicitis is even suspected Either v e treat the patient as a potential 
peritonitis case or operate at once Theie can be no defense for any modus 
opcrandi that stimulates peristalsis One might as ^\elI knead the intestinal 
tiact vith the offending organisms, and see to it that no seiosal suiface le- 
mains uncontaminated No patient, suspected of acute appendicitis, should 
be allowed to lemain at home If observation must be lesoited to, the hos- 
pital offers better facilities for such observations 

These patients, when catastrophic results ensue, are certainly more advan- 
tageously treated, if not subjected to transportation in the presence of local 
peritonitis Fluids are more easily administered parenterally in an institu- 
tion where such procedures are routinely performed Expert observation 
certainly transcends familial hysterical kindness To us, there can be no 
doubt that these patients belong in hospitals, and the sooner we can educate 
our clientele to that fact, the sooner may we obtain better results There 
can be no doubt that if we must err, let us err on the side of hospitalizing 
too often, rather than too late 

Of our 240 cases with diffuse peritonitis, 77 died, one case in three 
Almost unbelievable’ — and this 50 years after Reginald Fitz wrote on per- 
forating inflammation of the vermiform appendix None of these cases was 
in the hospital to be observed All were operated upon soon after admission 
The value of such therapy will be discussed later, but one incriminating 
feature is the fact that these patients, at this day and age, had allowed them- 
selves or had been allowed, by those who should have known better, to 
reach such a state of peritoneal infection 

Should this communication bring home but this one point, it shall not have 
been in vain Let the family know that you suspect appendicitis Let them 
realize late transportation is dangerous Let us teach the doctrine of early 
hospitalization in suspected cases of appendicitis Let us treat suspected 
cases as they should be treated Let us come to the realization that no one 
can predict the ultimate outcome of any acute appendicitis suspect Let us 
rather err in too early operation than m one too late 

Opel atwe T echmc — Much has been written favoring each incision em- 
ployed m operations for acute appendicitis Before stating our views on this 
important problem, may we say that each surgeon must decide for himself 
the procedure m which he is most adept and most familiar There can be 
no doubt that in some hands one method may be as good as another On the 
other hand, what seems simple and facile to some, may be quite difflcult to 
others Each surgeon, therefore, must decide on the modus operandt best 
suited to him 

Incision — At this hospital, the McBurney approach was employed m over 
99 per cent of cases of acute appendicitis Reiteration as to the advantages 
of this incision over all others, should reveal again the superiority of this 
approach Postoperative herniation, even though drainage be resorted to, is 
minimized To us, the foremost argument m favor of the gridiron incision 
is that all manipulation during the operation is effected outside or lateral to 
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the geneial peritoneal cavity This incision afiforcls the surgeon direct ap- 
pioach upon the oftending lesion 

The geneial peritoneal cavity need nevei he contaminated One or two 
sponges applied to the medial aspect of the wound 'allows for complete ex- 
posure and extiipation of the appendix without spieadmg the infection to the 
coils of the small intestine — an unfortunate, too frequent concomitant of the 
light rectus approach 

At all times, manipulation is accomplished in the infected aiea No 
spiead of the infection ensues, no mattei how extensive the pathologic proc- 
ess encounteied True, at fiist, theie may he difficulty m determining, from 
one’s fingei tips, the extent of the inflammation, but just as a master violinist 
has eyes at his fingers’ ends, so too, can the surgeon develop the finesse of 
tactile acuity that leads one to enteitam the thought that surgery is an art 
as well as a science 

Tiiily lemaikable is the mild postoperative leaction that follows an ap- 
pendicectomy thiough a McBuiney incision, and that, notwithstanding the 
severe lesions encounteied Not only is the postopei ative convalescence 
smoothei, but also shoiter 

Wherevei open treatment is indicated, no incision can compare with this 
invaluable appioach, for the abdominal wall almost closes upon itself, as it 
weie, without any sutuies 

Too fiequently, is the aigument piopounded that wherever an error in 
diagnosis be made, the suigeon is handicapped, as well as the patient, in 
attempting an operation othei than appendicectomy through this right Mc- 
Burney incision Such was nevei the contention of McBurney, nor can any- 
one justify attempting any opeiation through an impioperly placed incision 

Theie is no leason to prevent any surgeon from closing any improperly 
placed incision and altering his approach thiough anothei, more judiciously 
placed No one can justify lemovmg a left ovarian cyst thiough a right 
McBuiney incision, esjDecially if to the detiiment of the patient To us, the 
light giidiion incision is indicated onl}'^ in acute apjDendicitis, and should never 
be employed whenevei complete exploration is indicated Adequate exposure 
IS not a virtue of the McBuiney incision 

Stump Invasion — Stump inversion, too, has its many pioponents Many 
surgeons advocate simple section of the appendicular stump with cauteiization 
oi caibolization We believe such a proceduie unph3^siologic, since it seems 
unnatuial to allow mucosa to come into contact with serosa There is no 
doubt but that such tieatment of the stump must cany with it the probability 
of the foimation of moie adhesive bands than does the method of tucking in 
the stump, which lesults in the apposition of seiosal surfaces Not very 
long ago, much was written about stump inversion versus stump burial To 
us, who have seen thousands of stump inveisions following ligation of the 
stump the danger of cecal wall abscess is more mythical than real We have 
not found ligature of the appendicular stump with inveision, or as some 
name it, stump burial, an unsafe procedure Howevei, the added safety, that 
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stump ligation carries with it a hemostatic adjuvant, cannot be denied Bleed- 
ing into the alimentaiy canal, a complication almost impossible vith stump 
ligation, IS extremely difficult to conect Howe\er, it may be added, that 
never is stump inversion consideied wheie cecal ^\all damage has been such 
as to interdict such piactice 

Dtainage — The pioblem of diamage in acute appendicitis still leaves much 
to be desiied The old adage of “drain ^^hen in doubt” has now svung to 
“don’t diam when in doubt” If one lemembeis that the general peritoneal 
cavity cannot be chained, if one is clear that the only purpose of drainage is 
to allow dischaige of pus, and that a drain site is an advantageous guide foi 
the egiess of any fecal material that may ensue following damage to the 
cecum, indications foi diainage become appaient 

Eveiy abscess lequiies diamage, eveiy reti opei itoneal appendix should be 
diamed if theie is any contamination, every case where the integiity of the 
cecal wall maj'- be in doubt, eveiy peiitonitis vheie frank pus is expected to 
ensue, eveiy technically difficult appendicectomy should be diamed, if theie 
has been any possible soiling 

Gangrenous appendicitis with cleai oi turbid nonodoious fluid does not 
requiie drainage, noi does a plastic exudate coveimg the appendix necessitate 
a diain Howevei, we cannot agiee with those uho believe that diffuse 
peiitonitis cases should be closed tightly 

The discussion over the mateiial employed foi chains is moie academic 
than piactical We have been using Peniose dam eithei alone or with gauze 
We lealize that soft lubber tubing m some hands has acted favoiably The 
mattei of diain removal lesolves itself into how long does a dram act as a 
dram and when does it become a foreign plug^ Theie is no doubt but that 
10 days should suffice foi the foimation of a tiact Too often liaA^e ue seen 
a chain removed too late, only to uatch ounces of pus follow m the uake of 
the diain Too cleail} has this demonstrated that diams may block as well 
as diain a cavity 

Complications — Complications in acute appendicitis may be classified into 
two categories, those secondaiy to the disease entit}, and those lesultant fiom 
the surgeon’s inteivention 

Acute appendicitis, if allow^ed to progiess unhampered by human inter- 
vention, may subside We full}" realize the clanger that such a statement ma} 
cany to the inexperienced physician, but the fact still lemains, and m all 
fairness should be stated, that theie can be no doubt that lare cases of acute 
appendicitis lesohe, some completely, and others pass on into a pathologic 
icsidua of chionicit} Foi we know", theie aie exceptional cases of acute 
appendicitis where opeiation, though advised, had been defeired, and }ct 
the patient suivned, but those of us who have seen acute appendicitis m its 
inotean manifestations and its chameleon-like divei sifications can take but one 
attitude, and onl} one, and that is to excise the offending organ All the 
moie IS this tiue when we lealize that no one can e\en coiijectuic winch 
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appendix may burst and which may resolve Certainly, no one can justify a 
guess wheie a human life is at stake 

Acute appendicitis, in the vast majority of instances, if unattended, is 
more likely to progress in its severity Suppuration may terminate in necro- 
sis, and gangrene may lead to perforation, which must contaminate the peri- 
toneum, the results of the treatment of which is problematical 

Perforation may result in a localized involvement of the peritoneal cavity 
or it may be diffuse in its spread Diffuse peiitonitis may also eventually 
localize in any part of the peritoneal cavity, be it pelvic, subhepatic or sub- 
phrenic 

Spread of the infection may not be limited to the peritoneal cavity, for 
the lymphatic extension into the pleural cage too frequently ensues 

Appendiceal infection may spread not only by contiguity and by lymphatic 
extension, but frequently also by way of the circulation Thrombophlebitis 
of the appendiceal vessels, as a precursor of pyelophlebitis, is well understood 
From these beginnings, the organism may then be transplanted through the 
systemic circulation with all the possibilities that a bacteremia may create 
In addition to this group of complications inherent m appendicitis, there 
aie those sequelae that a surgeon may implant To be suie, at times, in spite 
of surgical intervention, complications may ensue as though no therapeusis 
at all were undertaken However, such sequelae as hemorrhage, fecal fistulae, 
herniation, evisceration and many other misfoi tunes, secondary to human 
endeavors, require careful consideration It is our purpose to analyze each 
of our complications in another communication 

Length of HospUahsatton — Of the 8,539 cases surviving, 4,830 were not 
drained, and 3,699 were drained All these cases were studied from the 
viewpoint of the length of hospitalization (Table XI) 

Table XI 

ANALYSIS or TIME OE HOSPITALIZATION 


No of Days in Hosp 

Drained 

Not Drained 

Less than lo days 

153 


ro-14 days 

1,562 

3 »i 93 

15-19 days 

1,003 

329 

20-24 days 

462 

84 

25-29 days 

241 

38 

30-34 days 

102 

13 

35 days and over 

176 

9 


Because those cases diamed repiesented complicated or potentially com- 
plicated acute appendicitis, over 50 per cent had a period of hospitalization 
exceeding 15 days, whereas 90 per cent of the undrained cases left the hos- 
pital within 14 days after admission 

Moftahty — ^As previously mentioned, there were 188 deaths in the series 
Inasmuch as we intend to deal with these m detail m a subsequent com- 
munication, we will but briefly comment on the cause of death One hun- 
dred thirty-one, or 69 per cent of deaths, weie due to peritonitis, ii died 
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from pulmonary complications, seven deaths veie caused b} cardiac and car- 
diovascular complications, 17 deaths were due to embolism, and 22 cases 
died, because of a vaiiety of causes, which we have giouped as miscellaneous 

SUMMARY 

A survey of 8,727 cases of acute appendicitis is piesented, with especial 
leference to mortality late, age incidence and time element 

The value of early operation is statistically proven by the remarkably low 
mortality rate in early cases 

The severity of the pathologic process determines the operative procedure , 
and the degree of peritoneal involvement the diffeience between low and high 
mortality results 

The value of the McBurney approach is stressed, and such technical 
desiderata as stump inversion and drainage are discussed 

Finally, complications are merely classified, with detailed analysis to be 
carried out in another communication 

These cases comprise all operations for acute appendicitis — private and ward — oper- 
ated upon by Attending and House Staffs We wish to thank all those surgeons who 
have permitted us to include their cases m this report 
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STUDIES OF LIVER FUNCTION BY MEANS OF 
QUICK’S HIPPURIC ACID TEST' 

J G Peobstein', M D , AND Sol Londe, M D 
St Louis, Mo 

niOM Tiir TVBOHVToin or the je\msh hospit\l st louis mo 

Delprat and Whipple/ in 1912, weie the fiist to suggest that the detei- 
nnnatioii of hippunc acid excreted after the administration of benzoate might 
be used as a test foi liver function They did their woik on dogs, and 
advanced their suggestion unawaie of the fact that in the dog liver benzoic 
acid IS synthesized m the mam to benzoyl-glycuronic acid and not to hippunc 
acid,” as m the case m the human liver In 1933, Quick^ mtioduced his hip- 
puiic acid test for hvei function in man, and described a simple analytic 
method foi the estimation of hippunc acid in urine, which made the test 
available for clinical diagnostic pui poses Weichselbaum and Probstein'* le- 
cently modified Quick’s method, nnpiovmg the accuracy of the procedure 
without impaning its simplicity By means of the improved method it was 
ascei tamed that Quick’s statistics lej^iesent only paitial lecover}^ of the 
hippunc acid from the mine It was shovn, fui thei moi e, that the losses from 
solubility of hipjiuiic acid in mine are too vaiiable to give much meaning to 
Quick’s collection foi the solubility In view of this, we deemed it necessary 
to revise the range of 1101 mal values 111 ordei to have an adequate basis foi 
compaiison when applying the test to patients 

I Studies on Normal Subjects 

Oui 1101 mal subjects weie healthy adults, mainly membeis of the hospital 
staff In the fiist group of 14 subjects (nine males and five females), 6 Gm 
of sodium benzoate weie administered as suggested by Quick and, except for 
the modification m the anatytic technic. Quick’s proceduie was followed in 
eveij'^ detail The findings on this gioup are shown in Table I f As may be 
seen, om subjects eliminated in foui houis fiom 62 to 87 jier cent of the 
ingested sodium benzoate, as compaied with 47 to 76 per cent found by 
Quick^ in a group of patients who had no clinical evidence of hepatic damage 
The aveiage exciption in om gioup was 73 as against 60 per cent as reported 
by Quick, 01 expiessed in teims of benzoic acid, healthy individuals excrete 
m foul horns, on an average, 3 7 Gm of the 6 Gm ingested, while Quick 
found an average value of 3 Gm This substantial diffeience may be entirely 
attiibuted to the improA^ement upon Quick’s method by Weichselbaum and 

* Aided bv the Louis M Monheimer Research Fund Submitted for publication 
May 8 , 1939 

t In this table, as well as throughout the paper, the corrected hippunc acid is calcu- 
lated as Its sodium benzoate equivalent, inordtr to facilitate the calculation of the amount 
excreted as the percentage of the amount ingested 

230 



A olume 111 
>» umber 2 


LIVER FUNCTION 


Piobstein Howevei, this diffeience may to some extent be due to the dif- 
ference 111 the selection of subjects for obtaining normal values We used 
healthy adult subjects, while Quick used patients without suspected disease 
of the liver 


Table I 

EXCRETION or HIPPURIC ACID BY NORMAL SUBJECTS, OVER A FOUR-HOUR PERIOD AFTER 
THE INGESTION OF 6 GM OF SODIUM BENZOATE 

Hippunc Acid Computed as Na-Benzoate 


Subject 

Age 

Se\ 

Unne Volume 
Cc 

Amount m Unne, 
Gm 

Per Cent of the 
Na-Benzoate Ingested 

S L 

33 

M 

432 

5' 02 

84 

T W 

30 

M 

354 

4 65 

77 

W R 

21 

M 

229 

4 56 

76 

D B 

30 

M 

217 

4 88 

81 

R J 

26 

M 

265 

4 77 

79 

D P 

26 

M 

257 

4 98 

83 

R C 

24 

M 

668 

5 23 

87 

H G 

21 

M 

253 

4 95 

83 

M S 

53 

M 

688 

4 63 

77 

H K 

30 

F 

760 

4 00 

67 

A T 

23 

F 

218 

4 52 

75 

A H 

18 

F 

233 

3 83 

64 

C S 

26 

F 

319 

3 72 

62 

M H 

22 

F 

226 

3 85 

64 


It is noteworthy that none of the female subjects eliminated as much as the 
lowest quantity eliminated by any of the males, the figures being 62 to 75 
per cent for the females, and 76 to 87 per cent for the males In view^ of the 
small number of subjects studied, how^ever, we lefrain from diawmig any con- 
clusions from these figuies 

Examining the volume of mine voided dm mg the test, w^e can find no rela- 
tionship betw'een the urmaiy volume and the amount of the hippunc acid 
excreted Thus, subject S L excieted 5 02 Gm in 432 cc , and subject D P 
eliminated 498 Gm m 257 cc , wdiile subject H K, wnth the laigest volume 
of uiine, 760 cc , eliminated only 4 Gm How^ever, it should be borne in mind 
that Snapper and Grunbaum*’ obseived that patients with nephritis associated 
w ith retention of urea may eliminate more hippunc acid in large volumes than 
m small volumes of mine 

Most of our subjects complained of considerable gastric discomfort, and 
not a few vomited aftei taking 6 Gm of sodium benzoate Quick^ suggested 
the use of smaller quantities wdienevei the 6 Gm dose causes vomiting We 
regarded it desirable to examine the possibility of using smaller quantities of 
benzoate as the general standard dose 

Accordingly, w^e perfoimed the test wuth 4 Gm doses on 24, and wuth 
3 Gm doses on 23 normal subjects The proceduie w^as otherwise the same 
as with the 6 Gm dose, the hourly elimination of hippunc acid being deter- 
mined foi four houis We found that either of the twm smaller doses 

231 


w'as 



PROBSTEIN AND LONDE 


Annals of Surccr\ 
Februai> 194 0 


much better toleiated than the 6 Gm dose To fuither determine the pos- 
sibility of using either of the smaller doses, it became necessary to analyze 
our results m order to learn whether or not the smaller doses are capable of 
taxing the ability of the liver to synthesize hippunc acid at the same maximum 
rate at any single hour m the course of the observation as the 6 Gm dose 
To this end, we determined the hourly excretion of hippunc acid on seven 
of our subjects after the ingestion of the thiee different doses It was found 
that the maximum excretion was, without exception, attained m the second 
hour after the 4 Gm , and 111 either the second or third hour after the 6 Gm 
dose In Table II these maximum excretions for one hour are compared for 
the seven subjects 

Table II 

MAXIMUM HOURLY EXCRETION OF HIPPURIC ACID AFTER 
INGESTION or VARIABLE AMOUNTS OF SODIUM BENZOATE 

Maximum Hourly Excretion of 
Hippunc Acid After Ingestion of 


Subject 

6 Gm 

4 Gm 

3 Gm 

S L 

I 40 

I 37 

I 27 

W R 

I 34 

I 34 

I 21 

H G 

I 71 

I 40 

I 27 

T W 

I 38 

I 35 

I 14 

M S 

I 40 

I 41 

I II 

R P 

I 49 

I 51 

I 25 

M H 

I 12 

I 36 

I 09 

Average 

I 40 

I 39 

I 19 


It may be seen that the maximum hourly rate was the same after the 6 and 
4 Gm doses, whereas the 3 Gm dose was not sufficient to call forth a similar 
maximum response This finding indicates that the maximum hourly excre- 
tions obtained aftei the 4 and the 6 Gm doses represent the maximum hourly 
rate of hippunc acid synthesis m the liver under the given standard conditions 
Raising the dose above 4 Gm does not lead to an increase of this maximum 
hourly late, although the total excretion for four hours may be augmented 
We have even a few cases m which the highest excretion during any single 
hour IS less with the 6 than with the 4 Gm dose 

Table III 

COMPARISON or OPTIMUM HOURLY EXCRETION OF HIPPURIC ACID IN DIFFERENT 
SUBJECTS FOLLOWING INGESTION OF VARIABLE AMOUNTS OF SODIUM BENZOATE 

Optimum Hourly Rate of Hippunc Acid Excretion After 



6 Gm 

Ingestion of 

4 Gm 

3 Gm 


(13 Subjects) 

(24 Subjects) 

(23 Subjects) 

Lowest 

I 04 

I 06 

0 98 

Highest 

I 92 

I 80 

I 41 

Average 

I 38 

I 39 

I 19 


In Table III the extreme and average values of the maximum hourly ex- 
cretions m all the subjects studied are recorded in groups arranged according 
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to the dose of benzoate ingested Here it is demonstrated on a large num- 
ber of subjects that the range of vaiiation as well as the aveiage values in 
regal d to the maximum hourly rate are essentially the same for the 6 and 
the 4 Gm doses The average for 6 Gm is i 38 and that for 4 Gm is i 39 
The 3 Gm dose falls short of eliciting a similar response, evidently because at 
no time does it furnish to the liver a concentration of benzoic acid that 
would suffice foi the possible maximum velocity in the synthetic reaction 
On the ground of the foregoing, it can be stated that the 4 Gm dose is large 
enough to give the liver an opportunity to synthesize hippuric acid at its maxi- 
mum capacity during one hour In healthy individuals a maximum of 
from I 38 to I 92 Gm of sodium benzoate can be synthesized to hippuric acid 
in the com se of one hour This maximum cannot be raised by increasing the 
dose above 4 Gm 


Table IV 

RATE or EXCRETION OV HIPPURIC ACID IN NORMAL SUBJECTS AFTER INGESTION OF 4 GM OF 

SODIUM BENZOATE 

Per Cent Excreted Dunng Total 



Subject 

Age 

Sex 

First 

Second 

Third 

Fourth 

in Four 





Hour 

Hour 

Hour 

Hour 

Hours 

I 

L 

33 

M 

28 

34 

25 

7 

94 

2 

W R 

21 

M 

23 

33 

25 

10 

91 

3 

P 

21 

M 

38 

31 

12 

4 

85 

4 

S 

22 

M 

23 

31 

24 

9 

87 

5 

B 

30 

M 

19 

45 

19 

3 

86 

6 

G 

21 

M 

28 

35 

17 

4 

84 

7 

C 

21 

M 

28 

37 

18 

4 

87 

8 

W 

30 

M 

25 

34 

28 

5 

92 

9 

M S 

53 

M 

27 

35 

21 

9 

92 

10 

S 2 

19 

M 

21 

31 

30 

9 

91 

II 

A 

24 

M 

28 

37 

19 

5 

89 

12 

R 

28 

M 

32 

36 

19 

4 

91 

13 

H 

32 

M 

21 

31 

28 

6 

86 

14 

M H 

18 

P 

28 

37 

19 

3 

87 

15 

Z 

29 

F 

21 

29 

27 

12 

89 

16 

M L H 

22 

F 

18 

34 

23 

5 

80 

17 

M K 

32 

F 

29 

33 

23 

8 

93 

18 

R L 

28 

F 

23 

30 

27 

8 

88 

19 

P 2 

40 

F 

26 

48 

13 

3 

90 

20 

K 

35 

F 

36 

41 


20* 

97 

21 

S 3 

25 

P 

26 

35 

21 

7 

89 

22 

T 

24 

P 

22 

33 

24 

6 

85 

23 

C 

27 

F 

14 

41 

29 

2 

86 

24 

T 2 

26 

P 

24 

26 

22 

II 

83 


Lowest 



14 

26 

12 

3 

80 


Highest 



38 

48 

30 

12 

97 


Average 



25 

35 

22 

6 

88 


* Combined excretion for third and fourth hours 
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We conclude then that 4 Gm of sodium benzoate is the ideal dose to be 
used for the Quick test Because of this, we give in Table IV in some detail 
our findings in 24 noimal subjects (13 males and ii females) who have taken 
this dose The total excretion of hippuiic acid (computed as sodium ben- 
zoate) for four hours langes from 80 to 97 per cent of the ingested sodium 
benzoate, with an average of 88 per cent There is no appreciable difference 
between the sexes The cuive of the hourly rate of excretion for the four- 
hour period IS of a uniform character for all the subjects Thus in all but one 
instance, the highest level of hippunc acid elimination was observed in the 
second hour , 50 to 77 per cent of the ingested sodium benzoate was handled 
dui mg the fii st two hours , while the level of excretion during the third and 
fourth hours depended upon the quantity of the hippunc acid that had been 
eliminated in the preceding pei lods, m that the excretion in the last two hours 
tended to be the higher, the lower the excietion m the first two houis had been 
Since 4 Gm of sodium benzoate is the smallest dose administered by mouth 
that IS capable of showing the maximum rate at which the liver is able to syn- 
thesize hippunc acid, in those instances 111 which the 4 Gm is followed by 
vomiting, the sodium benzoate must be administered intravenously, as recently 
suggested by Quick, Ottenstem and Weltcheck '• 

Table V 

ErrCCT OF ADMINISTRATION OF SODIUM BENZOATE PLUS GLYCINE TO NORMAL SUBJECTS ON 

THE EXCRETION OF HIPPURIC ACID 

Excretion of Hippunc Acid (in Terms of Na-Benzoate) 

4 Gm of Na-Benzoate 

Subject 4 Gm of Na-Benzoate' 4- 5 Gm of Glycine 




Per Cent of Ingested 

Per Cent of Ingested 


Grams 

Benzoate 

Grams 

Benzoate 

I 

I 08 

27 

2 05 

51 

2 

0 94 

23 

I 65 

41 

3 

I 05 

26 

2 02 

50 

4 

I 13 

28 

2 13 

53 

5 

I 01 

25 

2 09 

52 

Average 

I 04 

26 

I 98 

49 

Quick® made the observation that the fundamental factor 

governing the 

rate of synthesis (and subsequent excretion) of hippunc acid 

IS the rate at 


which the liver is able to furnish glycine Thus by administering glycine 
simultaneously with benzoate, the rate of elimination of hippunc acid can be 
increased We have repeated this expeiiment by administeiing 5 Gm of 
gl3''cme with 4 Gm of sodium benzoate to five subjects Our findings, re- 
corded in Table V, confirm Quick’s observation It may be seen that the 
excretion of hippunc acid during the first hour was piactically doubled when 
5 Gm of glycine was administered together with the sodium benzoate 

In another experiment, by administering increasing quantities of glycine 
with 6 Gm of sodium benzoate to two normal subjects, we attempted to 
deteimine the maximum ability of the liver to conjugate glycine with benzoic 
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T4BLE VI 

MAXIMUM CAPACITY OP THE LIVER TO PRODUCE HIPPURIC ACID, AND THE AMOUNT OF GLY'CINE 

REQUIRED FOR THIS PURPOSE 

Hippunc Acid Excreted Dunng Hippunc Acid 
Subject Dose Ingested Consecutive 1 5-Mm Penods Excreted Dunng 



Glycine 

Na-Benzoate 

I 

2 

3 

4 

5 

6 

90 Mms 


I sGm 

6Gm 

21 

36 

50 

54 

60 

52 

2 73 

S L 

3 0 Gm 

6 Gm 

16 

45 

60 

77 

61 

74 

3 33 


4 SGm 

6 Gm 

15 

47 

61 

69 


77 

3 38 


6 0 Gm 

6 Gm 

H 

46 

70 

71 





I 5 Gm 

6 Gm 

09 

27 

33 

35 

39 

39 

I 82 

E S 

3 0 Gm 

6Gm 

00 

32 

38 

47 

46 

56 

2 19 


4 5 Gm 

6 Gm 

12 

36 

51 

62? 

72 

76 

3 09? 


6 0 Gm 

6 Gm 

18 

47 

66 

79 

74 

78 

3 62 


Note The first three mixtures to each subject ivere given in divided doses, t e , two-thirds 
of the dose of each of the ingredients was given at the beginning of the test, and one-third 
one-half hour later 

acid when both constituents were available in unrestiicted amounts The 
results of this experiment are shown in Table VI We started out with a 
mixture containing approximately one-half the molecular equivalent of 
glycine to the molecular equivalent of sodium benzoate, and then inci eased 
the glycine to one, one and one-half, and two molecular equivalents In sub- 
ject S L the maximum rate of synthesis was reached with the mixture con- 
taining molecular equivalents of glycine and sodium benzoate, while in sub- 
ject E S it was reached with one and one-half moleculai equivalents of 
glycine In the t\YO subjects the maximum amount of hippunc acid syn- 
thesized m 90 minutes amounted to 3 38 and 3 62 Gm , respectively, far moi e 
than without the feeding of glycine The largest output was o 79 Gm in 
15 minutes, which corresponds to an hourly late of 3 16 Gm , as against 
I 92 Gm , which was the highest rate obsei ved after the ingestion of 6 Gm 
of sodium benzoate but without the addition of glycine (see Table III) 

CONCLUSIONS 

(1) After the ingestion of 6 Gm of sodium benzoate, 12 healthy adult 
subjects eliminated 62 to 87 pei cent of the ingested benzoate m four hours, 
with an average of 73 per cent This is an average of 3 7 Gm m tei ms of 
benzoic acid as compared with 3 Gm , Quick’s normal average 

The analytic method used foi the estimation of hippunc acid m urine was 
the Weichselbaum-Probstein modification of Quick’s method, the greatei 
accuracy of the modified method accounts foi the higher values in oui 
experiments 

(2) Four grams of sodium benzoate is the ideal dose to be used for hvei 
function tests, since it is as fully capable of gauging the maximum rate at 
which the hvei is able to synthesize hippunc acid as Quick’s 6 Gm dose, 
at the same time causing fai less gastric discomfort than the 6 Gm dose 
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(3) Twenty-four noimal subjects who ingested 4 Gm of sodium benzoate 
eliminated 80 to 97 per cent of the drug in four hours, with an average of 88 
per cent The curve of the hourly rate of excretion is of a uniform character, 
the peak of excretion being leached during the second hour, 50 to 77 per cent 
of the sodium benzoate was handled during the first two hours 

(4) The rate of hippunc acid excretion during the first hour after the in- 
gestion of sodium benzoate was doubled in four out of five subjects after the 
administration of glycine with the sodium benzoate 

(5) The maximum quantity of hippunc acid which could be synthesized 
when an adequate supply of both glycine and benzoic acid was available was 
o 77 and 0 79 Gm (in terms of sodium benzoate), respectively, m a 15-minute 
period in two normal subjects 

II Studies on Patients 

To date, we have applied the hippunc acid test, with the 4 Gm dose of 
sodium benzoate, to 103 patients, representing a variety of diagnoses, some of 
them tentative The results were compared with the normal values described 
in the preceding chapter On this basis it is assumed that m patients who in 
the course of four hours excrete less than 80 per cent of the ingested sodium 
benzoate, ^ e , less than the minimum excreted by normal individuals (see Table 
III), the liver function is impaired Interpretation of the results is simple 
enough when the excietion is substantially below 80 per cent, it is difficult, 
however, to base conclusions upon figures that are near the border line Yet 
these are just the cases which deserve greatest attention from the point of view 
of diagnosis After all, when the liver function is shown by the test to be 
severely damaged, the test as a rule merely serves to confirm clinical observa- 
tion and judgment , but a value of a much higher order consists m the detection 
of pathologic processes at such early stages where other approaches fall short 

Guided by this point of view, we attempted to carry out the hippunc acid 
test in a form which might permit a finer analysis and more satisfactory inter- 
pretation of the results m the border line cases This is the leason why we 
placed the emphasis upon the hourly fractions of the hippunc acid excretion 
rather than the total of the four-hour peiiod Two figures in such fractional 
determinations proved to be enlightening One is the time of appearance of the 
maximum amount excreted m a single hour, in noimal subjects this amount 
appears almost invariably in the second-hour interval (Table III) The other 
figure IS the sum of the two quantities excreted during the first and the second 
hours, this in normal subjects may be as high as 77 per cent, but always is at 
least 50 per cent Now, in distinctly pathologic cases m which the total excre- 
tion during four hours is well below 80 per cent, the maximum hourly excretion 
may appear in any one of the four hourly intervals, and the sum of the excre- 
tion during the first two hours is considerably below 50 per cent In border 
line cases, in which the total excretion closely approaches, and occasionally even 
slightly overlaps, the lowest limit of the normal, the maximum hourly excretion 
often shifts to the third hourly interval, and the sum of the two quantities ex- 
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creted duiing the first and second hours is always less than 50 per cent of the 
ingested benzoate Theie aie other bolder line cases in which the sum of ex- 
cretion for the first two hours is 50 per cent or more, yet the level of excretion 
duiing the last two hours falls so abruptly that the total for four houis falls 
substantially below 80 per cent These types of cases we consider as pathologic 
border line cases 

Inasmuch as the great majority of pathologic cases exciete less than 50 pei 



Fig I — Curve I Normal subject No 6, Table IV Total 
elimination, 84 per cent Curve II Border line case Patient 
No 16, Table vIII Total elimination, 81 per cent Curve III 
Border line case Patient No 26, Table IX Total elimination, 69 
per cent Curve IV Definite impairment Patient No 4, Table 
Vll Total elimination, 49 per cent 

cent (our lowest noimal) in the first two hours, we feel that foi most clinical 
purposes the test need be run for only two hours A single determination of 
hippuric acid in a two-hour specimen is all that is necessary, with 50 per cent 
excretion being regarded as the lower limit of normal 

The relationships just pointed out are illustiated m Figure i Cuive I 
represents a normal case (No 6 in Table III) with a total excretion of 84 per 
cent in the couise of four hours, a figure that is near the lower limit of normal 
values Curve II is a border line case (No 16 m Table VIII) in which the 
total excretion 111 four hours was 81 per cent, a figure that reaches up into the 
range of normal values , the excretion for the first two hours, however, was 
only 39 per cent, as against at least 50 per cent in normal cases It may be 
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stated that this test was performed ten days aftei a cholecystectomy , a subse- 
quent test, one week later, yielded noimal values both as regards the hourly 
rate of excretion and the total for foui hours The othei type of border line 
case IS illustrated by Cuive III Heie we have a patient (No 26 in Table IX) 
who excieted 59 pei cent, that is to say a noimal quantity, during the hist 
two houis, yet there was such a maiked drop duimg the last two hours that 
the total excreted m foiii houis was only 69 pei cent Finally, Curve IV, rep- 
resenting a definitely pathologic case (No 4 m Table VII), with a total excre- 
tion of 49 per cent, is included foi compaiison with the other thiee curves 

Table VII 

HIPPURIC ACID TEST IN LIVER DISEASES 


Per Cent of Ingested Na Benzoate 


No 

Patient 

Age 

Se\ 

Diagnosis and Remarks 

Blood 

NPN 

First 

Hour 

Excreted During 
Second Third 
Hour Hour 

Fourth 

Hour 

Total 
in Four 
Hours 

I 

E A 

31 

r 

Cirrhosis 

19 

9 

3 

7 

7 

26 

2 

M B 

S6 

r 

Cirrhosis 

14 

I 

9 

14 

14 

38 

3 

H S 

55 

AI 

Cirrhosis (biops>) 

20 

19 

32 

24 

7 

82 

4 

J F 

55 

M 

Cirrhosis (biopsj ) 

24 

7 

14 

14 

14 

49 

5 

P C 

43 

r 

Possible cirrhosis, icterus 

14 

5 

No spec 

iS 

5 

28 

6 

M y 

60 

AI 

Portal cirrhosis (?) 

AIalignanc3 (?) 

Ascites, abdominal mass 

18 

7 

12 

II 

10 

40 

7 

N C 

SI 

r 

Hepafosplenomegaly, cirrhosis (^) 

' 14 

20 

20 

18 

10 

68 

8 

I B 

64 

r 

Hepatomegaly, icterus 
Wassermann 


10 

13 

27 

10 

60 

9 

L S 

56 

r 

Hepatomegaly, icterus 
(Alahgnancy of bone^) 

18 

5 

9 

17 

18 

49 

10 

H C 

49 

AI 

Hepatomegaly (cirrhosis) 

Test after prostate operation 

28 

30 

12 

12 

18 

72 

II 

M B 

68 

r 

Hepatomegaly, proliferative ar 
tbritis 

15 

10 

23 

27 

13 

73 

12 

L r 

52 

r 

Hepatosplenomegal^ , gastric 
hemorrhages 

15 

29 

44 

14 

2 

89 

13 

A T 

48 

AI 

Small liver, icterus (cause 
unknown) 

16 

10 

23 

IS 

21 

69 

14 

R E 

18 

AI 

Catarrhal jaundice 

iS 

12 

17 

9 

— 

38 (3 hrs ) 

IS 

B L 

27 

AI 

Catarrhal jaundice (3 days) 

22 

13 

21 

5 

6 

45 

16 

r H 

30 

AI 

Arsenical hepatitis 

20 

20 

21 

24 


65 (3 lirs ) 

17 

J B 

38 

AI 

Arsenical hepatitis (?) 

38 

30 

12 

12 

18 

72 

18 

R T 

49 

AI 

Subsided arsenical hepatitis, 
hepatomegaly still present 

22 

23 

9 

10 

II 

53 


Of the 103 patients examined, 18 w^eie diagnosed as suftenng from vaiious 
livei diseases The lesults of the tests, piesented in Table A^II, show that all 
but twm had a distinctty diminished capacity to synthesize hippuric acid One 
(No 4) of the exceptions was a case of ciiihosis, the othei (No 12) one of 
hepatomegaly 

In Table VIII aie recorded ly cases wuth biliaiy tiact and gallbladder dis- 
eases Of these, all but thiee showed distinctly an impanment of liver function 
In two cases (Nos li and 15) the hippiuic acid was pioduced at the normal 
late, while tw^o cases (Nos 13 and 16) gave boidei line results It is inteiest- 
mg that all the cases of biliaiy tiact obstiuction showed impanment of the livei 
function 
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Table VIII 

HIPPURIC VCID TEST IN B1LI\RY TRACT AND GALLBLADDER DISEASES 


Per Cent of Ingested Na Benzoate 


No 

Patient 

Asfc 

Se\ 

Diagnosis and Remarks 

First 

Excreted During 
Second Third 

Fourth 

Total 
m Four 







Hour 

Hour 

Hour 

Hour 

Hours 

I 

S W 

40 

iM 

Stenosis of common duct or com- 

14 

18 

27 

20 

9 

74 





mon duct stone Jaundice, chills 







2 

iVr S 

69 

r 

Stenosis of common duct, icterus 











6/9/38 

18 

11 

22 


17* 

50 





9/7/38 

4 \\ks after anastomosis of com- 


12 

12 

13 

10 

47 





mon duct to jejunum 

10/6/38 


15 

16 

25 

19 

75 

3 

r B 

36 

F 

Stricture of common duct 











S/19/38 

16 

18 

10 

25 

18 

71 





6/10/38 


20 

28 

21 

8 

77 





1/6/39 


9 

22 

24 

12 

67 





1/14/39 — of high CH low 


21 

28 

19 

7 

75 





fat diet 







4 

M S 

50 

M 

After operation for stricture of 

23 

17 

20 

23 

6 

66 





common duct Patient still ic- 
teric Repeated after icterus 
subsided 


12 

21 

27 

12 

72 

5 

G D 

71 

M 

Common duct stone (?), carci 

23 

0 

10 

II 

8 

29 





noma of pancreas (^) 

After 8 days of high CH diet 


4 

24 

9 

13 

50 

6 

\V C 

31 


Recurrent obstructu e jaundice 

31 

21 

22 

26 

6 

75 

7 

C B 

52 

r 

Stenosis of common duct, icterus 

20 

13 

13 

IS 

22 

63 

S 

J c 

71 

u 

Obstructire jaundice Probable 

20 

0 

15 

21 

--- 

36 (3 hrs ) 





carcinoma head of pancreas 







9 

N L 

33 

u 

Repeated attacks of pam m right 

iS 

ro 

27 

25 

14 

76 





upper quadrant Diagnosis (7) 







to 

F S 

43 

r 

Cholecystitis, pituitary obesity 

20 

20 

25 

17 

8 

70 

ti 

E G 

SO 

u 

Chronic cholecystitis, osteo 

16 

SI 

18 

13 

6 

88 





arthritis 


(go mm ) (next 











30 mm ) 




12 

L G 

34 

r 

Chrome cholecystitis 

16 

9 

21 

29 

8 

67 


E W 

40 

F 

Cholecystitis (?), high blood cho 

20 

9 

34 

16 

21 

80 





lesterol 







14 

S H 

47 

r 

3 ^^ks after operation for gall 

13 

19 

28 

23 

— 

70(3 hrs ) 





stones and hydrops of gallbladder 






IS 

T P 

28 

F 

12 days after cholecystectomy' 

13 

32 

25 

24 

4 

85 

16 

M R 

56 

M 

Acute cholecystitis 











10 days after operation 

21 

12 

27 

27 

15 

81 





17 days after operation 


20 

33 

20 

II 

84 

17 

F S 

20 

r 

Acute gangrenous cholecystitis 











10 days after operation 

15 

6 

26 

16 

6 

54 





17 days after operation 


23 

33 

IS 

8 

79 


* Combined excretion for third and fourth hours 


Table IX contains 26 cases with a variety of diseases which show impaired 
liver function It may be noted that m diabetes, in several forms of arthritis, m 
hyperthyroidism, and m cardiac diseases some of the patients showed impaired 
liver functon, while others had normal livei function so far as the ability to 
produce hippuric acid is coiicei ned 

In some cases repetition of the hippuric acid test proved to be of value in 
demonstrating changes m the condition of the liver In the chart which com- 
prises Figures 2 to 5, the improvement of the liver function is shown 111 the 
form of hourly rate curves of hippuiic acid excietion Figure 2 is the graphic 
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presentation of Case No 2 of Table VIII, showing the substantial recovery of 
liver function three weeks aftei surgical operation for stenosis of the common 
duct Figure 3 (Case No 5 in Table VIII) illustrates a distinct improvement 
as a result of dietaiy regulation Figiiie 4 illustrates the return of impaired 
liver function to noimal five days after a marked sulfanilamide reaction, and 
Figure 5 exhibits a similar picture six weeks after aniline poisoning Table 
VIII contains a few more similar results after surgical operations in diseases 
of the gallbladder and of the biliary tract 


Table IX 

MISCELLANEOUS DISEASES SHOWING IMPAIRED LIVER FUNCTION 


Per Cent of Ingested Na-Benzoate 


No 

Patient 

Age 

Sex 

Diagnosis and Remarks 

Blood 

NPN 

First 

Excreted During 
Second Third 

Fourth 

Total 
in Four 







Hour 

Hour 

Hour 

Hour 

Hours 

I 

M H 

so 

M 

Diabetes mellitust 


20 

20 

25 

12 

77 

2 

P E 

64 

M 

Diabetes, gangrene of foot 

16 

28 

36 

6 

3 

73 

3 

B F 

49 

F 

Diabetes, marked hypercholeste- 

■ 15 

4 

27 

6 

9 

46 





remia 







4 

P R 

60 

M 

Arthntist 

23 

2 

38 

19 

9 

68 

5 

H G 

60 

F 

Proliferative arthritis, gout 

22 

16 

25 

30 

7 

78 

6 

L A 

41 

M 

Spondylosis 

15 

18 

42 

II 

2 

73 

7 

C P 



Degenerative arthritis, intis 

22 

17 

28 

25 

10 

80 

8 

E S 

49 

F 

Proliferative arthritis 

16 

IS 

12 

15 

22 

64 

9 

M G 

10 

F 

Proliferative arthritis, obesity 

23 

10 

16 

16 

14 

S6 

10 

M L 

23 

F 

Hyperthyroidism, B M R +45 

16 

IS 

§ 

IS* 

21 

51 

II 

A J 

S6 

F 

Hyperthyroidism, B M R -\~2i 

20 

4 

25 

23 

17 

69 

12 

B M 

36 

F 

Hyperthyroidism, B M R + 2 

18 

20 

23 

24 

8 

75 

13 

E 0 

66 

M 

Hypertensive heart disease|| 

23 

13 

21 

10 

23 

67 

14 

C C 

S8 

M 

Degenerative heart disease 

17 

10 

6 

23 

18 

57 

IS 

M L 

76 

F 

Hemorrhage into thyroid (?) 

31 

0 

0 

0 

0 

0 

16 

M G 

SO 

r 

Chrome pancreatitis 

IS 

4 

7 

8 

5 

24 

17 

E S 

14 

F 

Residual poliomyelitis 

17 

12 

S 


3 * 

20 

18 

S F 

36 

F 

Sciatica 

21 

22 

41 


5 * 

68 

19 

C K 

37 

r 

Undulant fever 

13 

10 

II 

15 

6 

42 

20 

H L 

S 9 

M 

Xanthomatosis, hypercholeste- 

22 

22 

30 

IS 

7 

74 





remia 







21 

M F 

26 

F 

Hyperchol es ter emia 

20 

19 

5 

28 

14 

66 

22 

J s 

31 

M 

Marked reaction to sulfanilamide 

17 

IS 

16 

14 

12 

57 

23 

M G 

14 

M 

Anihne dye poisoning 


10 

16 

26 

15 

67 

24 

T L 

54 

F 

Carcinoma of the colon, no liver 

18 

23 

23 

21 

8 

75 





metastasis 







25 

F M 

S6 

M 

Asthma 

18 

20 

31 

16 

7 

74 

26 

H C 

33 

M 

Syphilis, pachymeningitis hemor- 

16 

35 

34 

6 

4 

69 


rhagica 

* Combined excretion for this and preceding hour 
t In three other diabetics, the test gave normal results 
J In IX other cases of arthritis, the results were normal 
§ In two other cases of hyperthyroidism, the results were normal 
II In two other cases of hypertensive heart disease results were normal 


Attention has been directed to the influence of renal function upon the re- 
sult of the hippunc acid test Deficient renal function may depress the rate of 
excretion of hippunc acid and, thereby, a picture may result which indicates 
impaired liver function Some workers regarded it necessary, therefore, to 
ascertain in doubtful cases that renal function is normal, by performing urea 
clearance tests together with the hippunc acid test However, Quick^ said that 
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the rate of hippuric acid excretion by the kidneys is 50 per cent higher than the 
rate of the synthesis of that compound 111 the liver, and that, as a consequence, 
only very serious disorders in kidney function could afifect the elnninatioii of 
hippunc acid Snapper and Grunbaum*^ observed hippunc acid retention in 
nephritic patients only when retention of ui ea was demonstrable On examina- 
tion of the tables m the paper of Fonts, Helmer and Zerfas,’’ one finds instances 
in which the rate of excretion of hippunc acid is normal despite greatly dimin- 
ished urea clearance 



Fig 2 — Stenosis of common duct Curve I, before operation Curve II, improve 
ment four -weeks after operation 

Fig 3 — Obstructive jaundice due to common duct stone, or carcinoma of the head 
of the pancreas Curve I, soon after the patient’s admission to the hospital Curve II, 
improvement follow mg^ eight da>s of high carboh>drate diet 

Fig 4 — Sulfanilamide reaction Curve I during reaction to drug Curve II, 
normal test during recovery 

Fig 5 — ^Aniline dve poisoning Curve I test while patient was ill Curve II, 
several weeks after patient’s discharge from the hospital 

In considering this question we have borne m mind that Van Slyke and his 
coworkers^^* have shown that only when urea clearance is 50 per cent or less 
do we begin to find cases with retention of urea, and that only when the urea 
clearance is 20 per cent or less do all cases show a retention of urea In viev 
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of these facts, and of Snappei and Grunbaum s obseivation, we aie not sui- 
prised to find that thei e is no constant correlation between reduced urea clear- 
ance and diminished excietion of hippuric acid Thus we see in Table X, 

Table X 

EFFECT or IMPAIRED KIDNE\ FUNCTION UPON THE EXCRETION OF HIPPURIC A.CID 


Urea Per Cent of Ingested Na Benzoate 


No 

Patient 

Age 

Sev 

Diagnosis 

Cl 

Per 

Blood 

Urea 

First 

Excreted During 
Second Third 

Fourth 

Total 
in Four 






Cent 

N 

Hour 

Hour 

Hour 

Hour 

Hours 

I 

A W 

24 

r 

Chronic nephritis 

30 

14 


39 ’*' 

29 

14 

82 

2 

M B 

54 

r 

Kidney damage follow- 

40 

12 

20 

34 

24 

II 

89 





ing transfusion reac- 
tion 








3 

C W 

SI 

M 

Proliferative arthritis 

53 

13 

23 

35 

23 

5 

86 

4 

S S 

52 

r 

Proliferati\e arthritis 

41 

14 

26 

27 

24 

5 

82 

S 

F J 

ss 

M 

Gout 

57 

14 

17 

31 

21 

12 

8t 

6 

F A 

68 

u 

Acute infectious arthritis 

33 

31 

22 

35 

17 

7 

8r 

7 

J r 

45 

M 

C N S syphilis 


20 

26 

27 


32* 

8S 

8 

M L 

49 

U 

Bronchial asthma 


28 

22 

23 

26 

8 

79 

9 

» J 

55 

M 

Gangrene of feet 


28 

0 

7 

6 

I 

14 

10 

C T 

S6 

AI 

Hypertensive heart dis 


21 

5 

15 

18 

18 

S6 





ease 








II 

H H 

51 

AI 

Cardiorenal 


20 

0 

3 

3 

6 

12 

12 

M B 

46 

F 

One kidney 

19 

22 

10 

16 

16 

7 

49 

13 

r G 

6 ^ 

r 

Gout arteriosclerosis 


22 

17 

26 

5 

7 

55 

14 

D A 

60 

AI 

Cardiorenal 


no 

0 

0 

0 

0 

0 

The urea N 

^alues m the 

patients who did not have urea clearance tests were calculated from the NPN values deter 


mined on zinc filtrates of blood according to the method of Somogyi According to his figures the upper limit of nor 
mal blood urea is 19 mg per cent 

* Combined excretion for this and preceding hour 

which contains the results of the hippuiic acid test in patients with various 
degiees of impairment of kidney function, that patients Nos i to 5 Avith urea 
clearances of 30 to 57 per cent, but with normal A^alues for blood uiea, all show 
normal values in the hippuric acid test On the othei hand, patients Nos 9 to 
14, with varying degrees of uiea retention, all show diminished excretion of 
hippunc acid, patient No 14 of this gioup, with a urea nitiogen of no, did 
not excrete any hippuric acid at all during the entire four houis But even in 
some of these instances we cannot say that the impaired renal function is le- 
sponsible foi the diminished hippunc acid excretion, since patients Nos 6 to 9 
give normal or near normal responses to hippui ic acid tests, despite increased 
uiea contents in the blood 

Taking these obseivations into consideiation, we are peisuaded that only 
in the presence of mai ked diminution of 1 enal function which is associated with 
increased urea content of the blood is the excretion of hippunc acid affected by 
the renal factoi It is, therefoie, unnecessaiy to perform the urea clearance 
test for the proper mteipietation of the hippunc acid test Knoiv ledge of the 
uiea or nonprotein nitrogen content of the blood suffices, and only when these 
are higher than noi mal need the interpretation of low hippunc acid output be 
m doubt 

A question which merits consideiation concerns the factor or factors which 
cause the diminution of hippui ic acid formation in the liver in pathologic cases 
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Quick^ believes that the i eduction is due primarily to a diminished capacity of 
the liver to synthesize glycine, and m part to damage of the enzymatic mecha- 
nism which unites benzoic acid with glycine "We inquired into this question by 
administering 5 Gm of glycine plus 4 Gm of sodium benzoate to six patients 
nho had previousl}^ been found to have definitely decreased capacity to pioduce 
hippuric acid when they weie given sodium benzoate only In Table XI it 

Table XI 


RESPONSE TO ADMINISTRATION OF GL\CINE PLUS SODIUM BENZOATE IN PATIENTS SHOWING 
A.N IMPAIRMENT OF LIVER FUNCTION BY THE HIPPURIC ACID TEST 

Per Cent of Ingested Na Benzoate 


Vo 

Pitient 

Diagnosis 

Remarks 

First 

Excreted During 
Second Third 

Fourth 

Total 
in Four 





Hour 

Hour 

Hour 

Hour 

Hours 

I 

S 

Stricture of common duct 

Without glycine 

16 

20 

23 

6 

65 




With glycme 

30 

45 

12 

4 

91 

3 

:m L 

H> perth> roidism 

Without glycine 


15"^ 

15 

21 

51 




With glycine 

26 

42 


14’" 

82 

3 

B S 

Stenosis of common duct 

Without glycine 

12 

12 

13 

10 

47 




With glycme 

27 

32 

20 

6 

85 

4 

J r 

Porta! cirrhosis 

Without glycine 

7 

14 

14 

14 

49 




With glycine 

3 

23 

16 

8 

SC 

5 

A T 

Small liver, jaundice 

Without glycine 

II 

14 

22 

16 

63 




With glycine 

10 

14 

20 


44 (3 hrs ) 

6 

E S 

Proliferative arthritis 

Without gl> cme 

15 

12 

15 

22 

64 




With glycme 

45 

36 

7 

3 

91 


^ Combined evcretion for this and preceding hour 

can be seen that only patient No 6 responded as did our 1101 mal subjects to 
the addition of glycine to the test {cf Table V), 111 that this patient was able 
to excrete 45 pei cent of the ingested benzoate during the fiist houi when 
glycine was added In this instance, one can say that the impaiiment of livei 
function concerned mainly the diminished capacity of the liver to fuinish 
glycine On the other hand, although patients Nos i to 3 lesponded Avitli an 
increased elimination of hippuiic acid when glycine was added, this increase 
was considerably smaller during the fiist hout than was observed 111 any of 
our normal subjects under similai conditions In these instances a definite 
slowing donn of the rate of the conjugation piocess as well as in the produc- 
tion of glycine occurred Finally, patients Nos 4 and 5 showed no response 
at all to the administration of glycine, indicating a marked impairment of the 
enzymatic mechanism wdiich unites benzoic acid with glycine 

Fiom these obseivations it may be concluded that 111 some patients the main 
defect consists m the diminished ability of the liver to fuinish glycine, while 
in others the enzymatic conjugation process is defective The two deficiencies 
may be present simultaneously By peifoimiiig the double test as was done 111 
these SIX patients, it may be possible to gauge two distinct liver functions, 
namely, glycine synthesis, and the conjugation of benzoic acid with glycine 
Further observations will be necessaiy before the merits of such double tests 
can be evaluated 
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CONCLUSIONS 

( 1 ) For Quick’s liver function test, 4 Gm of sodium benzoate as the stand- 
aid dose is superior to the 6 Gm dose 

(2) Estimation of the hippuric acid excjetion at hourly intervals, in addi- 
tion to determination of the total amount eliminated during- the course of four 
hours, enhances the values of the test m that it permits evaluation of the degree 
of seventy of the liver impairment 

On this basis we classify the cases as follows 

(a) Marked or severe impairment where both the total elimination and 
the maximum excretion m a single hour (maximum hourly rate) are sub- 
normal 

(b) Mild degrees of impairment, wheie the total hippunc acid eliminated 
m four houis is but shghtl}'^ depressed or is a low normal, but where the 
amount eliminated m the first two hours is below 50 per cent of the ingested 
benzoate 

(c) Boiderline cases, in which the elimination in the first two hours is 50 
per cent or moie, but m which the total elimination for the entire period is 
somewhat depressed 

The lines of demarcation betAveen these three groups are, of course, not 
sharp 

(3) On the basis of our tabulated results Ave consider an abbreviation of 
the test to a tAVO-hour period as quite satisfactory foi most clinical purposes 
In this foim of the test, the analytic Avork is reduced to a single determination 
of hippunc acid in the total urine excreted during tAA o hours If the hippuric 
acid excreted m tAVo hours repiesents 50 per cent 01 more of the ingested 
4 Gm of benzoate, this may be accepted as a sign of noimal liver function in 
respect to the process mvoh'ed 

(4) The usefulness of the test is not affected by impaired renal function 
unless this attains such a degree of severity as to be associated Avith retention 
of urea 

(5) A few of our experiments indicate that, whereas, subnormal results 
111 the hippui 1C acid test are to be ascribed mainly to a deficiency in the ability 
of the liver to supply glycine at a normal rate, there are cases in Avhich the main 
cause may be ascribed to a deficiency in the mechanism responsible for the 
conjugation of benzoic acid Avith glycine 

We are indebted to Dr Avery RoA\dette and the resident staff of the St Louis City 
Hospital for furnishing' us some of our cases 
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STUDIES ON THE CAUSE OP DEATH IN TETANUS =*- 


Warfield M Piror, M D , Austin Lamont, M D , 

AND Harris B Shumacker, Jr , M D 

BALTiMonn, M D 

FBOW TOE DEPARTMEVT OF SERGEBl, SCHOOL OF MFDICINF, JOHVs HOPKINS UMIFIlSm B4LTIMOHF MD 

In 1903, Meyei and Ransom^ leported some experiments upon cats and 
rabbits 111 A\hich large and rapidly fatal doses of tetanus toxin were injected 
into the substance of the lumbar segment of the nontransected spinal cord 
These and other experiments- of Meyei ’s were carefully repeated upon dogs, 
111 1935) by Fiioi and Jonas ^ They were able to show, as Zupnik^ had sug- 
gested 111 1902, that spinal injections of toxin can produce tactile reflex motor 
tetanus without inducing any sign of the musculai iigidity which complicated 
Meyer’s experiments and fortified liis belief that both the muscular rigidity 
and the reflex convulsions of tetanus were of solely central origin In repeat- 
ing Meyei ’s experiments the amount of toxin injected into any one dog’s lumbar 
cold (a nonvital centei ) was very much smaller (1/4 to 1/150) than the 
amount required to kill the animal had the toxin been injected intravenously, 
subcutaneously, or intramuscularly And yet m each of the ii experiments 
the dog died within a week It was this unexpected and early death which 
first gave rise to the suspicion that tetanus toxin may be altered when in con- 
tact with the cells of the spinal coid 

In an attempt to confirm our suspicions, we carried out the experiments 
described in a papei published in 1938, entitled “The Apparent Alteiation of 
Tetanus Toxin Within the Spinal Coid of Dogs We related theie the facts 
which led us to enteitam the possibility of such alteiation In order to estab- 
lish without any doubt the pattern of leaction foi each experiment reported in 
that papei, we have enlaiged our senes m each category The present paper 
tabulates these experimental lesults to date We weie also anxious to find 
more definite pi oof, 01 disproof, of the appaient alteration of the toxin Oui 
further attempts, togethei with some 1 elated experiments, occup}'’ the latter 
pait of this communication 

To avoid too much repetition we have omitted from this paper the complete de- 
scriptions of Methods of Pioccdiuc and the Piofocols of Typical Erpei iinents that 
appeared in our earlier paper, and m an effort to clarify the discussion we have altered 
somewhat the order m which the various experiments were presented in the previous 
paper However, to facilitate reference to the moie detailed descriptions of procedures, 
we have indicated in parentheses under each experiment m the present paper the corre- 
sponding sections of our earhei paper 

Notes on Dosage, To\ins, Ahhi cviatwns Used in the Tables, Symptoms etc — Al- 
though 111 keeping our records and m calculating our doses our standard unit was the 
guinea-pig median lethal dose (or LDso), we have 111 this paper expressed our doses as 

'■ These studies were made possible by a grant from The John and Marv R Markle 
Foundation 

Submitted for publication April 26, 1939 
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tnultjples 01 fractions of a lethal dose for the animal concerned Our lethal dose is the 
minimum dose which always kills the animal when injected mtravenousb^ intramuscularly, 
or subcutaneously ° Our lethal dose for the dog is 480 guiiiea-pig LDso’s per kilogram of 
dog’s weight (see footnote 4 of Paper VII in Doctor Abel’s^ series) , for cats and rabbits 
960 guinea-pig LDso’s per kilo , and for monkeys foui guinea-pig LDso's per kilo 

Concentrated* tetanus toxin was supplied by Doctor Hampil of Sharp and Dohme, 
Inc , and by Doctor Malcolm of the Lederle Laboratories The toxin was kept in sterile 
1 ubber-stoppered vials at 2° to 4° C The strength of the toxin was frequentl}’’ assayed 
on guinea-pigs For further details regarding the preparation of the toxins and methods 
of assay the reader is referred to Section II of Paper V m Doctor Abel’s® series Doctoi 
Brewer of Hjnson, Westcott, and Dunning performed sterility tests on the toxins 

Large amounts of concentrated tetanus antitoxin were supplied by Sharp and Dohme, 
Inc 

Our injecting sj'ringe has been described earlier^ With this sjTinge we can inject 
accurately as little as 0 0005 cc of fluid 

TRTM — In our tables we use this abbreviation for tactile reflex motor tetanus, by 
which w'e mean that the reflex activity of that part of the spinal cord which has been 
injected w'lth toxin is so greatl}'' exaggerated that m the advanced stage of this condition 
there are almost continuous extensor convulsions without any of the other symptoms of 
tetanus Since 111 most of our experiments we. injected the lumbar cord, the reflex motor 
tetanus was limited to the muscles of the hind limbs wnth the occasional invoh’^ement of 
some of the low^er trunk muscles The first sign to appear is hyperactivity of the deep 
reflexes Later, testing the deep reflexes may produce a slight extensor clonus If the 
animal is standing on all fours a pat on the low^ei end of the spine will cause the animal to 
extend his hind legs so sharply that his rump appears to bounce up A little latei the 
mere pressure of the animal’s owm w^eight w'hen standing is sufficient to produce series of 
rapid extensor thrusts so that the hind legs appear to be dancing Shortly thereafter the 
slightest tactile stimulus is enough to initiate exaggerated extensor thrusts The symp- 
toms are described in more detail by Firor and Jonas® in their protocols and by ourselves ° 

Omet of Synipio 7 ns — One column in the tables indicates the length of time between 
injection of toxin and onset of symptoms It should be noted, however, that the animals 
w'ere, in many instances, not examined frequently enough to detect the beginning of symp- 
toms, and that, therefore, the numbei of hours in this particular column is not an accurate 
measure of the time required for the appearance of symptoms 


(I) Infection of Tomii Info the Cenfial Atcivons System — Experiment i 
(cf Expt 2 in oui previous leport) To show that the injection of less than 
one lethal dose of tetanus toxin into an anterioi horn of the lumbar cord can 
cause death, we have fiequently lepeated the operation used in 1937 by Firor 
and Jonas^ and also desciibed by us ^ This piocedure makes it possible to 
deposit the toxin m the aiiteiioi hoin aiea with moie accuracy than aity othei 
method we have tried Counting all dogs, regardless of the size of the doses 
of toxin, a total of 196 dogs have been injected in the intact lumbar cord For 
the sake of brevity these dogs are heieafter usually leferred to as “intact cord 
dogs ” One hundred dogs 1 eceived less than one lethal dose , 46 dogs 1 eceived 
more than one lethal dose, 23 dogs sacrificed foi othei experiments and not 
included, 27 dogs used in antitoxin experiments described later The lesults 
of the operations on the fiist group of 100 dogs are given in Table lA 

* Our toxins varied m strength from 50,000 to 375, 000 guinea-pig LDso’s per cubic 
centimeter It w^ould require onlv 00007 cc of our strongest toxin to kill a man w'eighing 
154 pounds 
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INJECTION OF LESS THAN ONE LETHAL DOSE OF TETANUS TOXIN INTO THE INTACT 

LUMBAR CORD 

All Autopsies Normal Unless Otherwise Noted 


Survival in 
Days 

Aver- 
Range age 
Indefinite 
Indefinite 



A DOGS 

Onset 


Num- 

of 

Fraction 

ber 

Symp- 

of Lethal of 

toms 

Dose 

Ani- 

in 

Injected 

mals 

Hours 

1/2000 

I 


i/iooo 

4 



I 

48 


I 

120 

1/500 ^ 

I 



, 4 



2 

80 


5 

100 

1/400 ^ 

I 

94 


4 



I 


1/300 

I 


1/250 

2 

96 


1/200 

i/ioo 

1/50 


1/25-1/15 


i/io 

1/8-1/3 

1/2 


3 

2 

2 
5 

17 

I 

3 
3 

1 

10 

2 

11 
I 


50 

100 

48 

48 

40 

96 


Symptoms 

None 

One had slightly in- 
creased reflex ex- 
citability 
Marked TRMT 
Mild TRMT which 
disappeared 
Questionable in- 
crease in reflexes 
No symptoms 
Marked TRMT 

TRMT which dis- 
appeared 
Atypical TRMT 
Questionable in- 
crease in reflexes 
No symptoms 
Questionable increase 
in reflexes which dis- 
appeared 

TRMT which dis- 
appeared 
TRMT 

TRMT which dis- 
appeared 
TRMT 
TRMT 
TRMT 

TRMT and stiffness 


Autopsy and 
Remarks 


4 days * 
Indefinite 

Indefinite 

Indefinite 
9 days 
12 days 
Indefinite 

9 days 
Indefinite 

Indefinite 

Indefinite 


Indefinite 

3“7 4 4 

Indefinite 


Reinjected f 
Infection of cord 

Four reinjected 


Two reinjected 
Reinjected 


5-7 

3-7 

1-3 


6 

4 6 
2 4 


No symptoms t 
No symptoms t 
No symptoms t 


2-17 8 

Indefinite 

J 

Survival in Hours 


Cord injured at opera 
tion 

Had pneumonia 

Reinjected 

Normal 


20-30 TRMT 30-44 42 

42 TRMT 86 

20 TRMT 24-60 33 

72 TRMT and stiffness 144 


Cord injured at opera- 
tion 


II 15-17 TRMT 


18-53 38 


248 



Volume 111 
Kumber 2 


TETANUS 


Table I B 



B CATS 

Onset 





Num- 

of 


Survival in 


Fraction 

ber 

Symp- 


Hours 


of Lethal 

of 

toms 




Dose 

Ani- 

in 


Aver- 

Autopsy and 

Injected 

mals 

Hours 

Symptoms 

Range age 

Remarks 

1/400 

I 

96 

TRMT 

120 

The following animals 

1/150 

2 

60 

TRMT 

120 

( were also injected 

1/80 

I 

48 

TRMT 

60 

I with similar results 

1/40-1/20 

2 

42 

TRMT 

78 

4 rabbits 

1/10-1/2 

3 

22 

TRMT 

24 

4 guinea-pigs 

2 monkeys 


* In the case of this dog the toxin was roughly diluted to a strength suitable for the injec- 
tion He probably received more than i / 500 Subsequently our dilutions were made with 
considerable accuracy, and under nitrogen to avoid oxidation 

t A number of dogs were reinjected with varying doses of toxin We have not performed 
enough of these expenments to justify any deductions in regard to the effect of repeated 
small doses of toxin in the cord 

t All seven dogs were expenmented upon before we had perfected our operating and 
injecting technic 

Tables I A and B reveal that injection into the intact cord has several points 
of similarity to intravenous injections of toxin 

(1) An incubation period before the onset of symptoms the length of 
which m general varies inversely with the amount of toxin injected 

(2) A survival period the length of which m general varies inversely with 
the amount of toxin injected * 

(3) The possibility of injecting (a) so little toxin as to produce no symp- 
toms, or (b) enough to produce symptoms from which the animal later entirely 
recovers, or (c) an amount that always causes death 

(4) Individual variations in sensitivity to the toxin 

The table also reveals that usually in any one group of animals the period of in- 
cubation and of survival is longer in some individuals than m most of the other animals 
in their group We feel that in addition to individual variation in sensitivity to toxin 
we may explain these differences by presuming that in these dogs the point of the inject- 
ing needle was not entirely within the motor area The two dogs that developed stiffness 
suffered trauma to the cord during the operation We have found, as did Firor and 
Jonas, that trauma to the cord almost always causes stiffness and prolongation of life 
This factor is discussed below under Experiment 4 

Whenever these animals were observed at the time of death it was noted 
that respirations became slow and irregular before ceasing, but that the heart 
continued to beat for a minute or two, and not infrequently for as long as five 
minutes, after respirations had stopped There was no rigidity or spasm of 
any of the muscles concerned with respiration as is often repoited in patients 

*It follows from (i) and (2) that if an animal has received enough toxin to kill 
him, the sooner symptoms appear the sooner the animal dies 
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With tetanus dying of lespiiatory failuie Othei observations on these animals 
aie given later m this paper in discussing possible explanations foi then death 

We also injected less than a lethal dose of tetanus toxin into the lumbai 
cold of cats, rabbits, monkeys, and guinea-pigs (Table IB) in order to show 
that such injections cause limited tactile leflex motor tetanus and invauable 
death in animals other than dogs * It is of inteiest to note that our cats did 
not have hyperpyiexia before death such as was almost always found in dogs 
dying as a lesult of these injections 

In Table IC we give the lesults of injecting into the intact cord mote than 
one lethal dose In Table ID we summarize oui controls The operations 
on the contiol animals w^ere exactly similai to the operations on the experi- 
mental animals The inclusion of the seven contiols reported by Firor and 
Jonas^ IS peimissible because the operations on these dogs weie exactly 
similar to oiu operations 


Tabli: IC 

INJECTION or MORE THAN ONE LETHAL DOSE OV TETANUS TOXIN INTO THE INTACT 

LUMBAR CORD 


Number 

Num- 

Onset 

of 

Symp- 


of Lethal 

ber 

toms 


Doses 

of 

m 


Injected 

Dogs 

Hours 

Symptoms 

I 5 

37 

10-12 

TRMT 

3 0 

7 

6 

TRMT 

5 0 

2 

6 

TRMT 


Survival in 
in Hours 



Aver- 

Survival in Days If 
the Toxin Had Been 

Range 

age 

Injected Per VenanP 

11-50 

20 

6 

10-19 

17 

5 

9-12 

10 5 

5 


* These figures are taken from a number of experiments performed by Doctor Abel and 
his cow^orkers and by ourselves 


Table ID 


CONTROL OPERATIONS AND INJECTION 01 OTHER MATERIALS 


Number 

of 

Materials Injected Dogs 


Staphylococcus toxin, diphtheria j ^ 

toxin, water, broth, needle punc- 
tures [ 

Beef extract or veal infusion broth 4 

Boiled tetanus toxin 3 

Dogs in Table I that received 29 
small doses of tetanus toxin but 
lived indefinitely 


Survival in Days 


Range Average Remarks 


8-120 40 Sacrificed or given away 

10-15 12 Died of pneumonia 


Indefinite 1 Reported by Firor and 

Indefinite / Jonas ^ 

Indefinite 


^ Although our experiments on animals other than dogs are too small m number to 
allow aiw positive statements to be made in regard to them, we suspect that m order to 
produce death by injecting toxin into the spinal cord, relatively larger fractions of a 
lethal dose are required for animals that are very sensitive to the intravenous injection 
of toxin than for less sensitive animals For further studies on this point see J Immunol , 
37, 425, 1939 
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We also injected less than one lethal dose of tetanus toxin into levels of 
the spinal coid othei than the lumbar enlargement with similar results Just 
as injection of the lumbai cord causes tactile reflex motor tetanus limited to 
the hind limbs, so, foi example, injection of the cord m the cervical segment 
(C VI) produces tactile reflex motor tetanus limited to the foielegs We 
have not studied the survival period after injection of toxin into sensoiy areas 
of the medulla spinalis or oblongata because such injections invariably pio- 
duce tetanus doloiosus We have noted, however, that symptoms develop at 
the same time as m the motoi area injections, and we believe that the survival 
period would also be the same as in the motor area injections 

For vaiious reasons, which we shall discuss later, we desired to inject 
tetanus toxin into the region of the respiratory centers of dogs ^ Experiment 2 
(cf Expt 4 in 0111 previous repoit) Toxin was injected into the medulla 
oblongata at the obex 111 61 dogs For the sake of brevity these dogs are here- 
after usually referred to as “medulla dogs ” Sixteen of these were saci ificed 
for other expeiiments, and in ii dogs the outcome was complicated by addi- 
tional procedures 01 by othei pathologic conditions, such as pneumonia The 
lemainmg 34 dogs and the contiols are presented in Table II 

It IS apparent that almost all the comments made m reference to Table I apply equallj 
to Table II There are the same points of similarity to intravenous injections of toxin 
In general the variations of survival in any one group of medulla dogs are less than in 
the intact cord dogs This is probably due to the fact that in the medulla dogs there is 
little chance of inserting the needle so deeply as to pass entirely through the cord, and, 
therefore, there is more chance of depositing the whole dose wnthin the neural substance 

The manner of death w^as the same as in the intact cord dogs there w^ere no spasms 
of the respiratory muscles that could have suffocated the dogs, the heart continued to 
beat after respirations had ceased In a few animals picrotoxm was injected intrave- 
nously in an attempt to stimulate the respiratory center These attempts were futile 

At autopsy the dogs dying from injections of diphtheria toxin had gross and exten- 
sive areas of hemorrhagic necrosis about the site of injection, these areas were some- 
times as large as 2 to 3 Mm in diameter Diphtheria toxin placed in the lumbar cord 
produces a similar hemorrhagic necrosis causing flaccid paralysis of the hind limbs but 
not death 

The dogs injected wnth morphine received from 020 to i 07 mg of morphine sulphate 
per kilogram of body weight Our solutions of morphine were made up in distilled W'ater 
and contained from 80 to 160 mg per cc Within 15 minutes after the injection the 
animals’ respirations became depressed and there appeared signs of medullary irritation 
somewhat similar to those w'hich develop in dogs which had received tetanus toxin in the 
medulla It is interesting that the injection of morphine, a known respiratory depressant, 
into the medulla at the obex produces almost immediate slowing of the respirations 

It should be noted that the incubation pei lod before the onset of symptoms 
IS still piesent even though ue inject into the medulla an amount of toxin 2,500 
times gieatei than what tve may call an “intramedullaiy lethal dose,” and that 
there is still a consideiable period between the onset of symptoms and the 
death of the animal 

There are three chief diffeiences between the intact cord and the medulla 
dogs (a) In the medulla dogs smaller doses of toxin suffice to cause death 
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Table II 

INJECTIONS or TETANUS TOXIN INTO MEDULLA OBLONGATA AT OBEX 
All Autopsies Normal Unless Otherwise Stated 
A EXPERIMENTAL 


Fraction 




Survival in Hours 


of Lethal 

Num- 

Onset of 









Dose 

ber of 

Symptoms 



Aver- 


Injected 

Dogs 

in Hours 

Symptoms 

Range 

age 

Autopsy 

1/4500 

2 


None 

Indefinite 


1/2000 1 

f I 

48 

Pharyngeal spasms 

144 1 

192 

f Pneumonia 

I 

168 

Pharyngeal spasms 

240 / 

\Thin 


I 


None 

Indefinite 


i/iooo > 

I 

144 

Pharyngeal spasms 

408 


Lost 30% 
weight 


. 3 

132 

Pharyngeal spasms 

144-216 

184 


1/500 

2 

24-48 

Pharyngeal spasms 

72-216 

144 


1/40 

3 

18-24 

Pharyngeal spasms 

27-60 

43 


1/20 

2 

5 

Pharyngeal spasms 

22-24 

23 


I/I5 

5 

7 

Pharyngeal spasms 

18-27 

22 


i/ro 

7 

6 

Pharyngeal spasms 

17-26 

21 


1/5 

2 

Not seen 

Pharyngeal spasms 

17-19 

18 


2 5 

2 

2 

Pharyngeal spasms 

10-12 

II 


3 0 

2 

2 

Pharyngeal spasms 

9-1 1 

10 


B CONTROL 







Survival in Hours 

Num- 


jL>i um- 
ber of 


Amount 


Aver- 

Dogs 

Matenal Injected 

in Cc 

Symptoms 

Range age 

I 

Diphtheria toxin 

0 0005 

None 

312 

3 

Diphtheria toxin 

0 001 

None 

19-23 21 

3 

Diphtheria toxin 

0 002 

None 

23-36 29 

2 

Diphtheria toxin 

0 003 

None 

15-40 27 

2 

Diphtheria toxin 

0 004 

None 

15-17 16 

2 

Diphtheria toxin 

0 006 

None 

9-19 14 

5 

Diphtheria toxin 

0 008 

None 

17-23 19 

3 

Diphthena toxin 

0 01 

None 

8-33 17 

5 

Other bactenal 
toxins* 

0 005 

None 

Indefinite 

I 

Blood 

0 006 

None 

Indefinite 

2 

Water 

0 004 

None 

Indefinite 

6 

Tetanus spores and 
lactic acid 

0 005 

None 

Indefinite 

5 

Morphine sulphate 

0 016- 
0 030 

Yes 

Indefinite 

I 

Needle punctures and 
hemorrhage 


None 

Indefinite 


* Colon, typhoid, Staphylococcus, and meningococcus toxins 

See also the dogs used by Gesell, Bricker, and Magee, in which sharp needles and 
electrodes were put into the medulla 
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than in the intact cord dogs (b) With equal doses symptoms appear eailier 
in the medulla gioup (c) When given equal doses of toxin the medulla 
dogs die about twice as quickly as the intact cord dogs 

In 12 dogs we injected toxin into the brain Two dogs leceived to y2 
lethal dose m the vermis They both developed typical signs of cerebellai 
dysfunction and died in two and eight days Ten dogs received 1/25 to ^ 
lethal dose m the frontoparietal area Of these, five dogs developed no symp- 
toms and suivived indefinitely Five dogs developed symptoms of varying 
degree but only two dogs died, in two and nine days , the othei three survived 
indefinitely Appaiently the injection of toxin into the brain is seldom fatal 
It IS interesting to recall that patients with tetanus exhibit few signs of cere- 
bellar irritation We hope to increase our series of injections into the brain 
and to discuss 111 a later paper the differences between injections into the brain 
and into the spinal coid 

(II) Injection of Toxin Into Oiganr Other Than the Cential Neivoiis 
System — To show that less than one lethal dose does not kill when injected 
into organs other than the central nervous system ^\e have made injections into 
veins, liver, spleen, testis, the anterior chambei of the eye, the spinal fluid, 
and motor lOOts All these dogs lived indefinitely and exhibited no symptoms 
We may also add the 13 dogs injected m the sciatic nerve by Abel, Hampil, 
and Jonas Two dogs injected in a sympathetic ganglion showed pupillary 
changes but they survived indefinitely Dr A M Harvey has written (1938) 
that he has had similai results with five dogs 

Since a small fi action of a lethal dose of tetanus toxin placed in the nonvital lumbai 
cold mvaiiahly kills the animal, and since such minute amounts of toxin put into any 
oigan othci than the cential neraoits system fail to kill the animal, we must find some 
explanation foi the deaths 

(III) The Factoi of Musculai Contractions — Experiment 3 (c/ Expt i 
in our previous report) To show that exhaustion of abnormal metabolites 
produced by the constant clonic seizures is not responsible for death, we 
severed the conus and two to three pairs of adjacent spinal roots and then im- 
mediately injected toxin into the mobilized end of the cord a centimeter or two 
proximal to the site of transection For the sake of brevity these dogs aie 
hereafter usually referred to as “caudal dogs ” The animals of course had 
no convulsions The results of these operations are given in Table III 

A comparison of uniform groups of dogs m Tables I and III receiving the 
same dose of toxin reveals that on the whole the caudal dogs m Table III 
lived longer than the intact coid dogs in Table I 


Dosage 
1/90-1/50 
1/50-1/2 
I 5 -2 


Survival m Hours 

Caudal Dogs Intact Cord Dogs 


72 

77 

53 


120 

49 

20 


This difference is, we believe, probably due to trauma, a factor which we 
shall discuss undei Experiment 4, and to interference with the blood supply 
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to the injected area Even without Expeiiment 3 we should feel that the con- 
stant clonic muscle spasms cannot be an important factoi in causing death 
because a dog that leceives into the intact cord ji LD has convulsions for a 
matter of hours only while a dog leceiving i/ioo LD 01 less may have just 
as violent convulsions for several days before he dies 

Table III 

CAUDAL PREPARATIONS 


All Animals After Operation Had Flaccid Paralysis of the Hind Legs, Six Dogs Injected 


With Tetanus Toxin Exhibited at Times Some Slight Jerking Movements of the 

A EXPERIMENTAL 

Fraction of 

Lethal Dose Number 

Muscles of the Lower Trunk 

Survival in Days 

In3ected 

of Dogs 

Range 

Average 

Autopsy and Remarks 

1/90-1/50 

2 

3 


Normal 

1/50-1/20 

II 

1-7 

3 3 

One dog had some cystitis 

1/20-1/10 

II 

2-8 

3 5 

One dog had pneumonia 

One dog had an extensive subcutaneous 
infection around the incision 

I fio~if 2 

8 

1-8 

2 7 

Normal 

I 5-*2 

3 

2-3 

2 2 

Normal 

I/40-I/5 

B CONTROLS 

8 

I 2 ~ 6 o 

23 

We feel that in these dogs the point of 
the needle was between nerve bun- 
dles rather than actually inside the 
cord Three of these dogs were re- 
injected and died within 2-4 days 

Operation but 
no injection 

4 

5-51 

23 

The animal that lived 51 days died of 
urinary obstruction 

Boiled toxin 

4 

5-20 

13 

One sacrificed 

Three died of pneumonia 

Tetanus toxin 

8 

12-60 

23 

The animals listed on the last line of 
the first part (A) of this table may 
be considered as controls for the 
operation 


(IV) The Lethal Agent Is Not Tianspo) ted Up the Spinal Coid — Could 
it be possible that the tetanus toxin travels fiom its point of injection in the 
lumbar coid up the spinal cord to a vital centei ^ We detei mined to investigate 
this possibility, although (a) if unchanged toxin tiavels up the cord one 
would expect to see evidence (tactile reflex motor tetanus) of its passage and 
m not one of our dogs has such, oi any, evidence piesented that toxin, 
changed or unchanged, has traveled up the coid, and (b) in the absence of 
true lymphatics m the cord theie is no known mechanism*' by which toxin 

* Toxin injected into the cerebrospinal fluid acts like toxin injected into the blood 
stream To rule out the remote possibility that the toxin could travel up the central canal 
of the cord we tightly ligated the cord outside the dura and injected toxin distal to the 
point of ligation Dogs prepared in this manner behaved in every respect like the dogs 
in Table IVA 
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could so tiavel within the time limits of our experiments, and (c) even those 
who still adheie to the iieive transpoit theory* of tetanus, if we understand 
them coi i ectly, no longei believe that the toxin can travel up within the sub- 
stance of the cord Ignoring these aiguments, however, we earned out 
Experiment 4 (cf Expt 3 in our pievious report) To lule out the possibility 
that the toxin travels fiom its point of injection up the spinal cord to any 
vital centei, Me injected less than one lethal dose of tetanus toxin into the 
motor area of the distal segment of a tiansected cord For the sake of brevity 
these dogs aie heieaftei usually referied to as “tiansected cord dogs ” These 
operations aie summaiized m Table IV A, and the opeiations on the con- 
trols m Table IVD 

It IS apparent that, on the udiole, these dogs react to the injection of toxin 
similaily to those in Table I in spite of the fact that the toxin was injected 
into a cord the physiology of vdiich had been severely altered by transection 
Although m Table R^'A we have included all dogs in Mdnch the injection may 
not have been entiiely Muthm the substance of the cord and have omitted any 
animals that had any pathologic conditionf (m lungs, and so on) which might 
have hastened death, ndiile in Table IVD (controls) we have included such 
animals, the aveiage survival of the experimental animals was less than lo 
days, of the controls was inoie than 33 days It is obvious that the toxin, 
changed or unchanged, could not have 1 cached the vital centers by traveling 
up the cord because the cord was not onl}^ divided but in almost every dog a 
piece of cord M^as excised so that it \vas quite impossible for the cut ends to 
come together 

It is mteiestmg to note that in the transected cord dogs the interval between 
injection and onset of symptoms is approximately the same as in the intact 
cord dogs 

There ai e tMm chief differences between the transected and the intact cord 
dogs (a) The transected coid dogs live several (3 to 7) tunes as long as the 
intact cord dogs , and (b) some stiffness of the hind limbs is often superimposed 
on the tactile reflex motoi tetanus These two differences have been observed 
previously^ We have frequently observed in 0111 intact cord injections that 
if the cord is injured (for example, by the rongeui’s slipping and bruising the 
cord) stiffness appears in the affected limbs and life is prolonged for almost 
^ as long as if the cord had been tiansected We feel that the stiffness is prob- 
ably due to the iiijuiy of the transection, and that the transection so alters the 
physiology of the cut cord as to prevent the prompt utilization of the toxin, 
with the lesult that life is piolonged 

This stiffness of the hind limbs did not appear in all dogs, was very mild in most of 
the dogs, and in only one or two dogs approached that degree of unyielding rigidity found 
in local tetanus in which the muscles of th e limb are directly injected with toxin This 

* The idea that the toxin is altered is in no way dependent, as will be seen, on anj 
particular theory regarding the route by which the toxin reaches the vital centers 

t In manj dogs, experimental and control, the urine at autopsy was very dark and 
in a few cases obviously bloodj 
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stiffness could always be abolished temporarily by anesthetizing the animal with ether 
provided the stiffness had not persisted for so long that permanent contractures had 
developed As an explanation of this stiffness it has been suggested that in some way the 
tetanus toxin enables the cord to recover very rapidly from the period of so-called neural 
shock after transection, and that the stiffness may be simply ordinary spastic paralysis 
after transection All of our control animals, with two or three exceptions, had persistent 
flaccid paralysis of the hind limbs Of course, when the toxm is injected proximal to 
the point of section (see Table IVB) there is no stiffness 


Table IV 

INJECTION OF TETANUS TOXIN INTO THE TRANSECTED LUMBAR CORD 
A FIRST CORD TRANSECTED EATER TOXIN INJECTED DISTAL TO SECTION 


All Dogs Had TRMT and Normal Antopstes Unless Otherwise Noted 






Fraction 


Survival m Days 


Num- 


Inter- 


of Lethal 

Onset of 




ber of 

Transec- 

val in 

Injec- 

Dose 

Symptoms 

Aver- 


Dogs 

tion at 

Hours 

tion at 

Injected 

in Hours 

Range 

age 

Remarks 

I 

D VI 

i68 

L II 

1/2 

72 

22 



3 

D XI 

144 

L II 

1/3-1/6 

24-48 

5-12 

8 


2 

D XI 

120 

L II 

1/5 

24-48 

12-14 

13 


I 

D XI 

96 

L II 

1/3 

24-48 

7 



I 

D XI 

96 

L VI 

1/3 

72 

16 


Injection into 









conus 

2 

D V 

72 

L III 

1/20 

24 

5“ 9 

7 


4 

D VII 

0 3 

L II 

1/2 

24 

2-1 1 

6 


B FIHST COED 

TRANSECTED 

LATEK TOXIN INJECTED PROXIMAL 

TO SECTION 

I 

L III 

0 7 

C VII 

1/8 

36 

3 


TRMT of 


forelimbs 


C FIRST TOXIN INJECTED LATER CORD TRANSECTED PROXIMAL TO INJECTION 


All Dogs Had TRMT and Normal Autopsies Unless Otherwise Noted 


Num- 


Fraction 
of Lethal 

Inter- 


Survival in Days 

Onset of 

ber of 

Injec- 

Dose 

val in 

Transec- 

Symptoms Aver- 

Dogs 

tion at 

Injected 

Hours 

tion at 

in Hours Range age Remarks 

3 

L II 

1/2 

6 

D VI 

40 2-64 

2 

L IV 

1/18 

5 

D VI 

None 10-30 20 No symptoms 

I 

L IV 

1/18 

4 

D VI 

24 5 5 

I 

Num- 

L II 

1/18 

Inter- 

3 5 D VI 96 19 

D CONTROL OPERATIONS 

All Dogs Had Flaccid Paralysis 

Survival in Days 

ber of 

Transec- 

val in 

Injec- 

Material 

Aver- 

Dogs 

tion at 

Hours 

tion at 

Injected 

Range age Autopsy and Remarks 

2 

D VI 

0 3 

L II 

Needle 

puncture 

28-81 54 Loss of weight 

I 

D VI 

168 

L II 

Needle 

puncture 
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Num- 
ber of 
Dogs 

Transec- 
tion at 

Table IV (Conhnued) 

Survival m Days 

inter- 

val m Injec- Material Aver- 

Hours tion at Injected Range age Autopsy and Remarks 

I 

5 

D VI 

D VI- 

07 L IV Boiled 

toxin 

No second operation 

29 

30-90 

61 


2 

IX 

D IX- 

No second operation 

I- 4 

2 

Bloody fluid in pentoneal 

2 

XI 

L V 

No second operation 

5 - 8 

6 5 

cavity Bladder dis- 

tended and full of dark, 
bloody fluid 

One had extensive infec- 

4 

D VI 

No second operation 

5-50 

20 

tion and was sacnficed 
in 8 days One had 
priapism, greatly dis- 
tended bladder with 
hemorrhagic cystitis, 
hydro-ureters, etc 

2 

and LV 
L II 

No second operation 

14-70 

42 



Further confirmation of Experiment 4 is found in one dog into whose intact lumbar 
cord we injected 2,000 guinea-pig LDso’s of tetanus toxin Twenty-four hours later when 
the dog had marked tactile reflex motor tetanus and was almost dead the entire dorsal 
cord was removed and implanted through a hollow needle under the skin of the right 
thigh of one guinea-pig The guinea-pig subsequently developed a slight stiffness of the 
right hind leg which disappeared in about two weeks, thus demonstrating that in this 
length (5 cm.) of cord there was not even one guinea-pig lethal dose 

In a few dogs toxin was injected into an isolated segment of cord, te, the cord was 
cut above and below the point of injection The only difference observable between 
these dogs and those in Table IVA were (a) There was no stiffness in any dog, and 
(b) fewer muscles were involved in the clonic movements, especially if the two points of 
section were close to the point of injection 

(V) The Toxin Molecule Is Not Multiplied — If the toxin molecule is 
multiplied within the lumbar cord and remains there, death would not ensue 
because the lumbar cord is not a vital center Apparently some toxin does 
remain for many hours at the site of injection because we have excised the 
injected area 19 to 24 hours after injection and put the toxiferous cord into 
the intact cords of normal dogs, and although some of these recipient dogs 
developed mild tactile reflex motor tetanus, none died These dogs should 
have died if the toxin were multiplied to any significant degree and remained 
at the site of injection 

If the toxin molecule is multiplied within the lumbar cord it must be re- 
moved from the cord in ordei to reach a vital center We have demonstrated 
m Experiment 4 that toxin, whether multiplied or not, whether changed or un- 
changed, does not travel along the spinal cord or m the cerebrospinal fluid m 
reaching its site of lethal action Therefore, if the toxin is multiplied it must 
be removed by the blood and lymphatic systems and distributed throughout 
the body If amounts sufficient to cause death are so distributed one would 
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expect to see such signs of geneial tetanus as muscle iigidity, opisthotonos, 
and trismus These signs nevei appeal aftei the injection of toxin into the 
cord (cf Expt 5 in oui pievious lepoit) We have assayed the blood of 
animals dying fiom injection of toxin into the cord No toxin was demon- 
strable 111 the blood We have also injected tetanus antitoxin intravenously 
into such dogs before the injection of the toxin into the cord and at varying 
inteivals theieaftei If death were due to a multiplication of the toxin mole- 
cule as such, one would expect this antitoxin to be used up oi destroyed * 
But assays fail to show such use or destiuction Theie is no decrease m the 
circulating antitoxin m amounts gieatei than can he accounted for by the limit 
of eiioi of oui assay Furtheimoie, assays show that dogs may die with laige 
amounts of fiee antitoxin ciiculating m the blood and lymphatic systems (see 
Expel imeiits 5 and 6 below’^) 

Dr R B Hyde very kindly tested on chicken embi yos the possibility that 
toxin alone 01 toxin-beai mg aieas of coid pioduce a tiansmissible viius effect 
These expeiiments weie negative 

Since we have ^Itoiun that (a) the pnncipal jactoi causing death is not the metabolic 
changes consequent to the constant mnsciilai spasms, and that (h) the blood and lym- 
phatic systems ate the only lemaining pathways by zvhtch the lethal agent can teach a 
vital cent Cl , and that (c) the tetanus toxin itself is not multiplied, it seems pet missible to 
suggest that tetanus toxin m the spinal coid is changed into a neiv lethal agent that is 
absoibcd by the blood stieam and canted to some vital ccntei 

(VI) The Effect of Tetanus Antitoxin — Abel and Chahan^“ showed that 
after the intravenous injection of one 01 moie lethal doses of tetanus toxin, 
the administration of even large amounts of aiititetanic serum fails to save 
life if befoie the serum is given the animal has clearly evident symptoms of a 
descending tetanus and has fixed m his tissues one or more lethal doses of the 
toxin They showed fuither that even though the animal’s tissues had fixed 
many lethal doses of the toxin, the antitetanic serum could save life if given 
not later than at a certain stage of the incubation peiiod befoie the appearance 
of symptoms of geneial tetanus We thought it w'ould be inteiesting to study 
the effect of antitoxin on tactile 1 eflex motor tetanus Experiments 5 and 6 
Oui injections of tetanus toxin into the lumbai coid and into the medulla were 
made as usual The dogs leceived then antitoxin pei venani In Table V w'e 
give the results of injecting antitoxin befoie and after the injection of toxin 
into the intact lumbai coid, in Table VI the lesults of injecting antitoxin before 
and after the injection of toxin into the medulla 

We have expressed the amount of tetanus antitoxin as so many “neutralizing doses 
of TAT ” By one neutralizing dose of antitoxin we mean that amount of antitoxin which 
is just enough to protect the animal (1 e, prevent death) against a given amount of toxin 
when both are injected pet venam, the toxin immediately after the antitoxin In such 
experiments one American unit of antitoxin per kilogram will prevent death in an animal 
which receives 6500 guinea-pig LD 50’ s of toxin per kilogram Hence m the tables each 
“neutralizing dose” represents one unit of antitoxin for each 650 0 guinea pig LD 50’s of 

* See Experiments 5 and 6 foi a note on the absence of an^ blood-brain barrier for 
tetanus antitoxin 
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toxin or for each 13 5 dog lethal dose When we sa> we gave 100 or 500 neutralizing doses 
of antitoxin we mean that we injected 100 to 500 times as much antitoxin as would ha\e 
been necessarj' to protect against the toxin injected had both been given intravenous!} , 
the toxin immediately after the antitoxin 

In a subsequent paper we shall deal moie exteiisivel} with the protecting value of 
antitoxin against toxin introduced by various routes We shall demonstrate that although 
the protecting Aalue is less w'hen the toxin is introduced intramuscularl} , subcutaneously, 
or intracutaneously than when toxin is given intravenously, the only route b} wdiich the dif- 
ference IS really remarkable is w'hen the toxin is injected directly into the lumbar cord or 
medulla 


T\ble V 

TCTAXUS TOXIN IN INTVCT LUMBA.R CORD, TETANUS ANTITOXIN INTRAVENOUSLY 

All Autopsies Normal 
A ANTITOXIN BEFORE TOXIN 


Frac- 
tion of 
Dog Lethal 
Number Dose 

Neutral- 
izing 
Doses of 

Inten’'al 
m Hours 

Between 

Injection Symptoms 
of TAT Before 

Symptoms 



In- 

Antitoxin 

and of 

Injection 

After 

Survival 

437 

jected 

1/2 

800 

Toxin 

0 5 

of TAT 

TAT 

Yes 

m Days Remarks 

2- No prolongation 

560 

1/2 

1,600 

0 5 


Yes 

4 

of life 

Life prolonged 

438 

1/2 

4,000 

0 5 


No 

Indefinite \ 

Completely 

439 

1/2 

8,000 

0 5 


No 

Indefinite | 

protected 

All Autopsies Normal 

B TOXIN BEFORE ANTITOXIN 

81 1/12 2,400 05 No Yes 

2- 

No prolongation 

80 

1/12 

5,600 

0 5 

No <• 

Yes 

8 

of life 

403 

5 0 

400 

3 0 

No 

Yes 

I 

Life may be pro- 

440 

1/2 

800 

6 0 

No 

Yes 

5 i 

longed, but usu- 

655 

1/2 

800 

6 0 

No 

Yes 

2 2 ' 

ally is not pro- 

443 

1/2 

4,000 

6 0 

No 

Yes 

X ] 

longed 

442 

1/2 

8,000 

6 0 

No 

No 

Indefinite ^ 

1 Symptoms may ap- 
1 pear, but life is 

441 

1/2 

40,000 

6 0 

No 

Yes 

Indefinite ^ 

410 

3 0 

560 

10 5 

Yes 

Yes 

> 

I-* 

spared 

41 1 

3 0 

800 

10 5 

Yes 

Yes 


> No protection 

594 

I 5 

1,000,000 

13 5 

Yes 

Yes 


675 

1/20 

8,000,000 

115 0 

Yes 

Yes 

58: 



If we assume that the lethal dose foi intact cord and foi medulla injection 
IS i/ioo and 1/500 of the intravenous lethal dose, it is apparent that, in gen- 
eral, our lesults parallel those of Abel and Chalian^” in whose experiments the 
toxin was injected mtiavenously After the appearance of definite symptoms 
even relatively enormous doses of antitoxin do not affect the outcome The 
longer the interval before the injection of antitoxin, the larger must be the 
amount of antitoxin given.in oidei to piolong or to sa^e life 

A veiy stiikmg featuie ot these expeiiments is that even when the anti- 
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toxin IS given hejoi e the toxin, relatively large amounts of antitoxin are re- 
quired to save life or even to prevent the appearance of symptoms, and this 
IS especially true when the toxin is injected into the medulla Some readers 
may resuriect the theory that there is a hairier which prevents the antitoxin 
m the blood from reaching the toxin in the cord But obviously no such 
bariier exists, because if sufficiently large doses of antitoxin are given before 
the onset of symptoms the animals develop no symptoms and do not die The 
antitoxin must, theiefore, have migrated from the blood to the substance of 
the cold * It may be that the concentiation of antitoxin brought by the blood 
to the injected area is too small to neutralize quickly the admittedly high con- 
centration of toxin injected directly 

Table VI 

TETANUS TOXIN IN MEDULLA, TETANUS ANTITOXIN INTRAVENOUSLY 
All Dogs Received ifio Lethal Dose of Toxin Autopsies Normal Unless Noted 
A ANTITOXIN BEFORE TOXIN 
Interval 
in Hours 
Between 



Neutral- 

Injections Sj^mptoms 





izing 

of TAT 

Before 

Symptoms 



No of 

Doses of 

and of 

Injection 

After 

Survival 


Dogs 

Antitoxin 

Toxin 

of TAT 

TAT 

m Davs 

Remarks 

14 

8-8,000 

0 25-0 5 


Yes 

I 6 

No prolongation of life 

I 

10,000 

0 25-0 5 


Yes 

4 0 


2 

i6,ooo 

0 25-0 5 


Yes 

4 3 

Symptoms present 

I 

32,000 

0 25-0 5 


Yes 

6 0 

Life prolonged 

2 

40,000 

0 25-0 5 


Yes 

12 0 


I 

64,000 

0 25-0 5 


No 

Indefinite 

Mild symptoms gener- 

I 

80,000 

0 25-0 5 


Yes 

Indefinite 

^ ally appear but life is 

I 

92,000 

0 25-0 5 


Yes 

20 0 j 

usually saved 

2 

160,000 

0 25-0 5 


Yes 

Indefinite ] 


I 

I 

400.000 

800.000 

0 25-0 5 
0 25-0 5 


No 

No 

Indefinite ' 
Indefinite J 

1 Completely protected 

B TOXIN BEFORE ANTITOXIN 




I 

400,000 

6 0 

No 

Yes 

2- 

No prolongation of life 

I 

800,000 

5 0 

No 

Yes 

Indefinite 

Symptoms may appear 







but life IS spared 

I 

I 

400.000 

800.000 

18 0 

18 0 

Yes 

Yes 

Yes 

Yes 

I 7 1 
I 7 J 

^ No protection 


There is the added factor of fixation of the toxin Although no one knows what 
happens to tetanus toxin when it undergoes that change which is generally termed ''fixa- 
tion’’ (i e , the toxin can no longer be recovered in a form recognizable by our present 
methods of assay), it appears likely from the work of Abel and Chalian, although they 
do not say so, that there are two stages of fixation (a) The fixed toxin can still be 
rendered innocuous by excessive amounts of antitoxin, and (b) the fixed toxin can no 
longer be neutralized by antitoxin although at this time the toxin may not yet have begun 
to cause recognizable symptoms but will inevitably do so It may be that the neurones 

* For further remarks on the absence of a blood-brain barrier see the papers b> 
Doctor Abel and his coworkers, especially Paper VIII in his series 
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into which we inject the toxin fix the toxin so rapidly into stage (b) that the antitoxin 
has no chance to neutralize it However, Experiment 6A seems to indicate (i) That, 
on the contrarj', the neurones, although exposed to a high concentration of toxin, fix it 
into stage (b) no more rapidly than when toxin is injected intravenously, and (2) that 
by intravenous injection antitoxin, unless in verj^ large amounts, is not brought in suf- 
ficient concentration to the point of deposit of the toxin to neutralize the toxin In the 
present state of our ignorance it is futile to speculate further upon the question of 
whether or not and how the toxin may be fixed 

The important fact is that, regaidless of how the toxin may be fixed, it is 
necessary to administer large doses of antitoxin before the onset of symptoms, 
or earhei, if the animal is to be saved That this holds true, even when the 
antitoxin is injected directly into the cord, is shown by Experiment 6A, in 
which toxin was injected into the medulla and at varying intervals thereafter 
antitoxin was injected into the same spot, as nearly as we could judge, into 
which the toxin had been injected 

Table VI A 

TETAXUS TOXIN IN MEDULLA, TETANUS ANTITOXIN IN MEDULLA LATER 

Interval 
Frac- in Hours 



tion of 

Between 

Neutral- 






Lethal 

Injection 

izmg 

Symptoms 

Symptoms 



Dog 

Dose 

of Toxin 

Doses 

Before 

After 



Num- 

In- 

and of 

of Anti- 

Injection 

Injection 

Survival 


ber 

jected 

TAT 

toxin 

of TAT 

of TAT 

in Days 

Remarks 

362 

1/25 

5 5 

800 

No 

No 

Indefinite 1 

1 Completely 

363 

1/25 

5 5 

800 

No 

No 

Indefinite 1 

1 protected 

365 

1/25 

II 

800 

Question- 

Yes 

6 5 






able 



^ Life is pro- 

366 

1/40 

20 

1,600 

Question- 

Yes 

5 0 

longed 





able 




364 

1/25 

II 

800 

Yes 

Yes 

2 0 


367 

356 

1/40 

i/io 

17 5 

18 

1,600 

3,200 

Yes 

Yes 

Yes 

Yes 

2 4 

^ 5 1 

> No protection 

357 

i/io 

18 

3,200 

Yes 

Yes 

I 5 ^ 



Unfortunately, the doses of toxin used here were not the same as those 
injected into the dogs of Table VI , and, consequently, we cannot directly 
contrast the two entire groups of animals It is obvious that once symptoms 
appeared no lives were saved by antitoxin , but we did not, m these dogs, use 
very large amounts of antitoxin for fear that too much fluid injected into the 
medulla would, by its bulk, cause disturbances leading to death 

It IS apparent, however, that the intravenous injection of the antitetanic 
serum is far less efficient than the method of administering the antitoxin used 
in Experiment 6A , with the latter method 800 neutralizing doses given five 
hours after the injection of toxin are sufficient to confer full protection , with 
the former method, in order even to approximate the same degree of protec- 
tion, 800,000 neutralizing doses of antitoxin mus t be given, if administered five 

* This experiment was suggested and earned out by Dr George G Hogeboom 
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horns aftei the injection of toxin, oi 64,000 neutializing closes if given befoie 
the injection of toxin 

(VII) Evasion of Coid Injected With Tetanus To\in — In going over 
oui lecords we noticed that once 01 twice when we had excised an injected 
cold foi tiansplantation into anothei dog we did not, as was our usual prac- 
tice, saciifice the dog from which the cord had been taken Our technician 
had lecoided that these dogs continued to show tactile leflex inotoi tetanus 
and died fairly soon 

Experiment 7 — As this seemed unlikely, and as the removal of the injected 
ai ea was another way of doing what we had ti lecl to do m our antitoxin experi- 
ments (1 e , prevent death), we injected toxin into the intact lumbar cord and, 
at vaiying intervals thereaftei. we excised the injected aiea The needle 
punctuie was identified and the pioximal level of section, ascertained by 
measuring the shi unken coid aftei excision, was always at least i cm above 
the punctuie and m eveiy case we removed at least 2 cm of cord Our lesults 
aie given m Table VII 


Table VII 

EXCISION or INJECTED AREA OE LUMBAR CORD 



Site 

Frac- 
tion of 
Lethal 

Onset 

of 

Symp- 

Symp- 

toms 

Interval 
m Hours 
Between 

Length 
of Cord 

Symp- 

toms 

Survival in 
Days 

Num- of 
ber of Injec- 

Dose 

In- 

toms 

in 

Present 

Before 

Injection 
and Ex- 

Ex- 

cised 

Present 

After 

Range Aver- 

Dogs 

tion 

jected 

Hours 

Excision 

cision 

in Cm 

Excision 

age 

2 

L I 

1/40 

48 

TRMT 

48 

? 

TRMT 

2-10 7 

I 

oL II 

i/io 


None 

19 

? 

Flaccid 

II 

I 

L II 

i/io 


None 

22 

9 0 

Flaccid 

21 * 

4 

L II 

i/io 

44 

TRMT 

48 

9 0 

Flaccid 

5 - 1 I 75 

I 

L II 

i/io 

20 

TRMT 

Control — 

-cord not excised 

I 5 

I 

L II 

1/2 


None 

29 

2 6 

? Reflexes 

37 

2 

L II 

1/2 

24 

Mild 

25 

I 6 

hyper- 

active 

TRMT 

4 - 5 + 5 ^ 

I 

L II 

1/2 

24 

TRMT 

TRMT 

47 

I 8 

TRMT 

3 6 

I 

L II 

1/2 

16 

TRMT 

18 

? 

TRMT 

I 6 

I 

L II 

1/2 

16 

Mild 

18 

? 

TRMT 

2 6 

2 

L II 

Control- 

TRMT 

—no toxin 

28 

I 7 

Flaccid 

14-70* 42 


Sacrificed 


We find if we excise only a small area of coid, that here again we must 
act befoie symptoms appeal in ordei to save or to piolong life It ne act 
after the appeal ance of symptoms the animals usually continue to jerk and 
die soonei than the uninjected opeiative contiols If we excise a large area 
of cord after the onset of symptoms, life is pi olonged and thei e ai e no symptoms 
aftei the excision of the cord 
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(VIII) Cl oss-Cv dilation Expei luieufs — ^When the possibility of the 
alteration of tetanus toxin first occuired to us, we tried to demonstrate such 
alteration in a positive maiinei by injecting various amounts of toxin into the 
cold of dogs and then lemoving the toxiterous aiea and injecting that into 
the thigh muscles, peiitoneal cavity, cord, or medulla of noimal dogs in the 
hope that the normal dogs would die We ignoied the pioliabihty that the 
blood stieain would lemove any lethal agent m the cord of the donoi dog and 
the possibility that, in the piocess of tiansfeiiing the injected area from donoi 
to recipient, exposuie to an might destioy any lethal agent by oxidation Of 
63 dogs receiving such “transplants,” 57 lived moie than six days Of the 
six dogs dying 111 less than six days, only two 01 thiee had no pathologic con- 
dition to account for death We also tiled incubating toxiferous cord in viti o 
Here theie was less chance of oxidizing a lethal agent, but on the othei hand 
the cord was dead These unnatuial expei iments also weie negative 

As it became mcieasingly probable, howevei, that the results of oui coid 
injections could be explained only on the basis (a) that the tetanus toxin is 
giadually altered, and (b) that the altered substance is not stoied 111 the coid 
but (c) is taken up by the blood stieam as it is foiined, we cast about foi 
anothei method of demonstrating such alteration If the blood stream cai nes 
to the vital centers an altered lethal pioduct of tetanus toxin, by transfeiiing 
the blood of the affected dog into a noimal dog it should be possible to kill 
the normal dog by means of this lethal agent, provided that there is enough 
of the lethal agent m the blood stieam of the affected dog to kill both this 
dog and the normal dog The most thoiough and physiologic method of so 
transferring the blood is to unite the circulations of the two dogs, a piocedure 
which we^® had often peifoimed pieviously m this laboratory, which we knew 
to be quite harmless although continued foi seveial days, and which ensured 
a thorough mtermmglmg of all the elements m the Irlood of the tu 0 dogs 

Experiment 8 — The cioss-ciiculation of normal dogs with dogs dying as a 
result of the injection of tetanus toxin into the medulla spinalis 01 oblongata 
01 into the blood sti earn 

We employed our usual techmc in injecting tetanus or diphtheria toxin into the lumbai 
cord, into the medulla, or into the veins of what we called the “donor dogs” , 1 e , the} 
manufacture and donate the altered toxic agent to the normal or “recipient dogs ” At var} - 
mg intervals after the injection of toxin we united the circulations of the two dogs A 
modified Carrel technic’'^ was used to join by end-to-end anastomosis the common carotid 
artery of the donor dog to the external jugular vein of the recipient dog, and v\cc vcisa 
At least 15 minutes before the anastomosis was opened, each recipient dog recened enough 
tetanus antitoxin to neutralize many times the amount of tetanus toxin injected into the 
donor dog The dogs were kept on the operating table throughout the experiment The 

* In a long continued cross-circulation experiment the blood streams of both animals 
will erentuall} have equal concentrations of the formed and chemical elements in the blood 
provided one animal is not receiving into its blood stream a steady supply of some ele- 
ment But if, for example, one animal is recening glucose solution pa vaiam or is 
absorbing glucose from the stomach, the sugar content of his blood n ill remain persistent!} 
higher than that of the other animal not recening such a supply This should be kept in 
mind m reading the accounts of the following experiments^* 

263 



FIROR, LAMONT AND SHUMACKER 


Annals of Surgery 
February 1940 


anastomoses and other exposed tissues were kept covered with cotton pads saturated 
with warm normal saline The anastomoses were inspected every 30 minutes to make 
sure they were functioning properly Very rarely a small clot would be found partially 
obstructing one anastomosis, these were promptly dislodged The dogs operated upon 
under nembutal anesthesia were given additional small doses of nembutal whenever they 
became restless Fluids were given, usually by mouth 


PROTOCOL OP TYPICAL EXPERIMENT 


Donor Dog No 448 

Tan, adult, female, 6 0 Kg 

Recipient Dog No 430 Gray 

October 24, 1938 


police puppy, 6 mos , female. 

5 45 PM 

October 25, 1938 

Received i 5 LD tetanus toxin 
into intact cord at L II 

4 35 Kg 

9 30 P M 

TRMT T 105 8°P 


1045 

T io6°F 

T loi 6°F 

II 05 

Received 0 16 Gm nembutal in- 

Received 0 13 Gm nembutal in- 


traperitoneally 

trapentoneally 

II 30 

Cross-circulation operation begun 

T 104 6°P 


12 00 Noon 


Received i cc TAT per venam 

12 35 PM 

Anastomosis opened 

(1,400 neutralizing doses) 

I 00 

T 104 2°P, P 180, R 20 — 
Marked TRMT 

T 102 3°F , P 176, R 20 

2 00 

T io7 2°F,P 240, R 18 — Rest- 
less 

T 1046'^F , P 210, R 28 

2 20 

Received 0 025 Gm nembutal 1 p 


2 30 

T 108 4°P , P 240, R 140 

T i04 5°P,P 200, R 176 

4 00 

T 109 8°P , P 240, R 80 

T 106 4°F , P 240, R 124 

4 25 

Respirations 88, irregular, and 
failing 

R 12 

4 28 

Anastomosis closed Took sam- 

Anastomosis closed Took sam- 


ple of blood for hematocrit de- 
termination — 42 

ple of blood for hematocnt — ^41 

4 35 

Respirations ceased 


4 37 

Heart stopped 

Respirations ceased 

442 

Autopsy normal 

Heart stopped 

Autopsy normal No evidence of 
blood loss or shock 

Over 40 pairs of dogs were so cross-circulated Tables VIII to XII sum- 


maiize these operations In Table VIII A the cross-circulation was ended 
2 to 30 hours before the death of the donor Of the six recipients in Table 
VIIIA only one died That even one dog died is surprising, because one 
could not expect the concentration of the altered substance to reach its 
maximum until fairly near the death of the donor dog In the next series 
(Table VIIIB) we continued the cross-ciiculation until within a short time 
of death 

Of the 14 recipients m Table VIIIB, only two lived, a result which exceeded 
our expectations We next sought to show that the mere fact of being cross- 
circulated with a dying dog would not suffice to kill the recipient We killed 
donor dogs by a medullary necrosis consequent to the injection of diphtheria 
toxin into the medulla (Table IX) 
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Table VIII 

CROSS-CIRCULATION TETANUS TOXIN IN LUMBAR CORD OF DONOR DOG 

Cross-Ctrculatton Under Nembutal Anesthesia 

A CROSS-CIRCULATION ENDED 2 TO 30 HOURS BEFORE DEATH OF DONOR 


tc 

O 

P 

u 

O 

G 

O 

P 


Efo 
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•g g 


w 

£2 


O « 

S >v 

Sf 

P^ 
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(U o w 
CQ ^ w 

§ o 
O o o 

CflG 


O G 
o 
w> 

3 ^ 

►S « 

Wo 

o 


G 

o 


3 


3 'O 
> c 

l 4 

3 oW 


O 

^ to 

r w £2 
G 


G 

& 

O 


Number of 

Combined 
Kg o£Bot 

Lethal Dos 
anus Toxi 
by Donor 

G o 

iw. 

cj G 

G < p, 

Interval in 
tween In 
Tetanus 
Beginninj 
Circulation 

Length in 
Penod of < 
lation 

Total Nem 
in Grams 

Penod of 
Donor A 
Circulatio 

Penod of 
Recipient 
Circulatio 

0 

a 

■M 

a 

fe 

w 

r* 

s 

0 

337 

X 5 7 

0 5 

5 6oo 


4 5 

7 0 

0 93 

30 hrs 


Lived 


378 

ir 2 

5 0 

800 


6 7 

I 5 

0 36 

4 2 hrs 


Lived 


388 

12 4 

0 3 

9»6oo 


25 5 

5 5 

0 43 

6 hrs 


Lived 


399 

9 4 

0 5 

4 000 


23 0 

x6 0 

0 80 

13 hrs 

24 hrs 

Died 


402 

12 8 

S 0 

400 


3 S 

II 0 

0 60 

X4 hrs 


Lived 


426 

8 6 

I 5 

I 000 


15 3 

6 0 

0 40 

2 hrs 


Lived 


B 

CROSS-CIRCULATION ENDED WITHIN 2 HOURS OF DONOR’S DEATH 

371 

12 I 

o 

o 

56 000 


49 0 

8 3 

0 52 

0 

0 

Died ' 


391 

12 2 

0 S 

6 000 


18 S 

27 0 

0 84 

0 

7 mms 

Died 


4^7 

7 5 

X 5 

X 400 


14 0 

4 0 

0 33 

I 5 hrs 

27 hrs 

Died 

Recipient 

418 

13 2 

X 5 

8S0 


XS S 

S 0 

0 48 

2 5 mins 

30 mms 

Died i 

^ weighed 12 to 

447 

10 r 

X 5 

X 440 


17 0 

7 5 

0 38 

4 mins 

2 mms 

Died* 

i 45 % less than 

448 

xo 4 

r 5 

I 400 


19 0 

4 0 

0 32 

7 mins 

9 mms 

Died 

donor 

46s 

12 I 

I S 

2 4Q0 


XS 5 

4 0 

0 4 X 

3 mms 


Lived 


60s 

25 2 

X S 

368 


13 0 

4 3 

0 7S 

3 mms 

18 hrs 

Died ^ 
Died ] 

1 

395 

10 8 

0 5 

4 000 


21 S 

20 0 

0 SI 

S mms 

5 5 hrs 

1 

398 

14 I 

0 5 

3 200 


21 0 

S 0 

0 56 

10 mms 

0 

Died* : 

1 Weights equal 

424 

9 9 

X S 

r 400 


14 2 

S 3 

0 35 

2 mms 

2 5 hrs 

Died 1 

434 

12 8 

I 5 

I 200 


X 7 5 

3 7 

0 43 

S mms 


Lived j 












J 

Recipient 

433 

6 8 

X S 

2 480 


X 3 S 

5 0 

0 20 

8 mms 

4 mms 

Died* I 

; weighed 20 to 

1 35 % more 

466 

9 6 

X 5 

3,600 


14 0 

24 0 

0 68 

I mm 

6 mms 

Died 1 


* Dogs No 447 398 and 433 The recipient died before the donor 


than donor 


Table IX 

CROSS-CIRCULATION CONTROL DIPHTHERIA TOXIN IN MEDULLA OE DONOR DOG 

Cross- Circulation Under Nembutal Anesthesia 



Com- 

bined 

Diphthena 

Interval in 
Hours 
Between 

Num- 

Weight 

Toxin 

Injection of 

ber 

in Kg 

in Cc 

Toxin and 

of 

of 

Received 

Beginning of 

Donor 

Both 

by Donor 

Cross- 

Dog 

Dogs 

Dog 

Circulation 

459 

8 9 

008 

17 5 

517 

ir 5 

012 

2 5 

515 

12 0 

008 

2 0 

520 

12 9 

010 

2 5 

565 

II 7 

on 

2 0 

567 

12 2 

on 

2 7 


Penod of 
Survival 
of Donor 


Length m 
Hours of 

Total 

Nembutal 

Dog After 
Cross- 

Fate 

Period of 

Given 

Circula- 

of 

Cross- 

in 

tion 

Recip- 

Circulation 

Grams 

Ended 

ient 

0 5 

0 2 

0 

Lived 

I 5 

0 33 

4 mms 

Lived 

21 2 

I 6 

5 mms 

Lived 

13 5 

9 97 

4 mms 

Lived 

8 5 

0 70 

0 

Lived 

5 8 

0 85 

0 

Lived 
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Since none of the recipients m Table IX died we felt that this proceduie 
was an adequate conti ol for the fact of death 

VARIOUS OTHER CONTROL PROCEDURES ON CROSS-CIRCULATED DOGS 

(A) Adequacy of Ci oss-Cii culation In many dogs complete blood counts and hema- 
tocrit determinations were made during the course of the cross-circulation and after The 
values for the donor and for the recipient were the same after the first five to ten minutes 
of cross-circulation 

(B) Blood Picssiue and Blood Volume In no case was there any pallor or other 
gross evidence of blood loss from one dog into the other When both donor and recipient 
died within a few minutes of each other no gross differences could be detected in color or 
in filling of the vascular system Dogs dying as the result of the injection of i 5 lethal 
doses of toxin in the lumbar cord maintain normal blood pressure until about 20 to 30 
minutes before death At this time, the pressure falls gradually to 50 or 60 Mm of 
mercury During the last five minutes before death the pressure may fall to 20 Mm Of 
course, after respiration ceases the pressure gradually drops to zero as the heart fails 
Such a low pressure in the donor is not, in itself, sufficient to cause the death of the re- 
cipient, for the blood pressure falls similarly in dogs dying as the result of the injection 
of diphtheria toxin in the medulla oblongata without causing the recipients to die During 
the cross-circulation of normal dogs^*^ significant, but never fatal loss (25 to 30 per cent), 
of blood volume was suffered only by those dogs whose size and original blood volume 
were about twice as large as that of the dogs with which they were cross-circulated 
The blood lost by the larger dogs caused a proportional increase in the blood volumes of 
the smaller dogs This blood loss occurred m spite of the fact that the blood pressures 
of the larger dogs during the period of cross-circulation were only half as high as those 
of the smaller dogs In our cross-circulation experiments with dogs that had received 
tetanus toxin in the lumbar coid or intravenously, 61 per cent of the donors weighed 10 
to 50 per cent more than the recipients, 22 per cent were equal in weight, and in only 16 
per cent did the donors weigh less than the recipients In a majority of these experi- 
ments, therefore, if any blood were lost from one dog to the other it should have been 
lost by the donor to the recipient To make sure that the recipient had plenty of blood 
we occasionally permitted the donor to pump blood into the recipient after the donor had 
stopped breathing This procedure did not save the lives of the recipients 

(C) Adequacy of Antitoxin Assays made of the antitoxin content of the blood of 
d^nng recipient dogs agreed with the known amount of antitoxin injected before cross- 
circulation For example, one dog (No 466) after 24 hours of cross-circulation still had 
I 8 units of tetanus antitoxin in every cubic centimeter of serum 

(D) Blood Chemist} y Chemical studies on the blood revealed that the most per- 
sistent and striking change was a lowering of the blood sugar content This change, 
however, appeared as often when the recipient lived as when he died One recipient died 
with a blood sugar content of 93 mg per cent Four recipients died, although given large 
quantities of glucose by mouth and by vein during the period of cross-circulation 

We next cross-cii dilated dogs d3nng from an injection of tetanus toxin into 
the medulla oblongata {cf Expeiiment 2) 

None of the recipients in Table X died This lesult made us wonder 
whether it could be possible that since the tetanus toxin is injected into or close 
by the respiratory center, its lethal agent does not have to be earned by the 
blood stream to a vital center, but lather the toxin is changed and has its 
lethal effect wheie it is injected, and death occurs before any large amount 
of the changed substance is present in the blood stream We shall return to 
this point in the Discussion 
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Table X 


to 

o 

Q 

u 

O 

c 

o 

Q 

O 

u 

Qi 

H 

3 


383 

10 7 

0 07 

560 

10 0 

3 0 

0 37 

7 hrs 

Lived 

S76 

10 6 

3 0 

400 

2 0 

I S 

0 37 

0 

Lived 

589 

10 5 

2 5 

320 

2 0 

10 0 

Ether 

0 

Lived 

580 

13 3 

2 5 

376 

3 2 

7 0 

Ether 

0 

Lived 

584 

14 2 

3 0 

360 

2 S 

9 I 

Ether 

0 

Lived 


It will be noted in Table X that in two instances the cross-circulation was 
carried out under nembutal anesthesia, and in three instances under ether 
anesthesia In our previous cioss-ciiculations we had always used nembutal 
because the position of the dogs’ heads made it difficult to administer ether 
In the case, however, of dogs that had, some hours eailier, received tetanus 
toxin in the medulla we found that the injection of our usual dose of nembutal 
111 pieparation foi opeiation would veiy frequently be followed within 15 to 
20 minutes by the death of the animal, whereas similar animals not receiving 
nembutal would live many houis longer, consequently we used ether as the 
anesthetic foi the last thiee operations in Table X But this unexpected 
complication made us wonder whethei nembutal could be responsible for the 
death of the lecipients m the earlier cross-circulation experiments We, there- 
fore, repeated the senes m Table VIIIB, using ether for anesthesia instead 
of nembutal 
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recipients But when we compared the amounts of nembutal received by 
recipients that died with the amounts received by recipients that lived, we 
could not find that the dying recipients received even as much nembutal as 
the recipients that lived 


Cross-Circulation With 


Amount of Nembutal 
Received in Gm 
Per Kilo Per Hour 


Tetanus donor 13 recipients died* 

Tetanus donor 7 recipients lived 

Diphtheria donor 6 recipients lived 


0 0085 Gm 
o 0106 Gm 
o 013 Gm 


These 13 dogs died from i 5 to 20 hours after receiving their last doses of nembutal 
The average time was 7 3 hours , six dogs died in less than five hours, two of these in 
less than three hours 


It was obvious that the role, if any, played by nembutal in causing the 
death of the recipient was not a major one It occurred to us that the depres- 
sive effect of nembutal on an already poisoned respiratory center might be 
sufficient to cause death when neither the nembutal nor the poison was 
present in sufficient amounts alone to cause death This seemed to be a 
possible explanation of our results To test this theory, Dr Jonas Frieden- 
wald suggested that we carry out our usual cross-circulation experiment under 
ether anesthesia and that we give a small and unquestionably safe dose of 
nembutal to the recipient immediately after cessation of the cross-circulation 


Table XII 


CROSS-CIRCULATION 


ErrCCT ON RECIPIENT OP NEMBUTAL GIVEN AFTER CROSS-CIRCULATION 
ENDED 


Cross-Ctrculatto7i Operation Performed Under Ether Anesthesia 
A TETANUS TOXIN IN LUMBAR CORD OF DONOR 
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B TETANUS TOXIN IN VEIN OF DONOR 
672 14 s 100 288 40 o 27 


704 

70s 


13 6 
10 2 


100 

100 


400 

480 


27 o 
2S O 


no o 13 
12 4 on 


4 S mms 
I hr 


Died 


Lived 


Died 

Died 


a 

B 


Usual dose of 
nembutal 


Two thirds of 
usual dose of 
nembutal 


Of the four dogs in Table XII, only one survived, a result which tends to 
substantiate our explanation In view of this and of the extensive clinical use 
of avertin and other hypnotics we thought it wise to examine the effect of 
nembutal and avertin on the course of general tetanus m dogs 
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(IX) The Effect of Hypnotics on the Swvival of Dogs With Tetanus — 
Experiment 9 — ^Twenty-one dogs received pei venom 1 5 dog lethal doses of 
tetanus toxin As soon as the dogs showed such seveie symptoms of general 
tetanus that they could no longer stand or eat, they were divided, in rotation, 
into thiee groups Group A received repeated but nonlethal doses of avertm, 
sufficient in amount to stop convulsions for the course of the experiment 
Group B received similar doses of nembutal Group C received no treatment 
Table XIII gives the results of this expeiiment 

Table XIII 

THE ErrECT or AVERTIN and nembutal on the survival or DOGS WITH 

GENERAL TETANUS 


All Dogs Received, Per Venam, i 5 Lethal Doses of Tetanus Toxiii 



Interval m Days 

Avertm or 

Survival in 



Between Injec- 

Nembutal 

Days 



tion of Toxin 

in 

After 

Survival m 


and Onset of 

Grams 

Onset 

Days After 

Hypnotic 

Dog 

Severe 

per Cc 

of Severe 

Injection 

Used 

Number 

Symptoms 

per Hour 

Symptoms 

of Toxin 

/ 

681 

4 42 

044 

I 88 

6 30 


680 

5 00 

043 

I 88 

6 90 


682 

5 10 

054 

I 19 

6 29 

AVERTIN ■ 

686 

5 m 

040 

I 94 

7 04 


677 

5 67 

100 

0 43 

6 10 


690 

6 65 

020 

2 92 

9 57 


683 

6 82 

212 

0 04 

6 86 


Average 

5 54 

070 

I 47 

7 01 


697 

3 66 

0050 

I 64 

5 30 


699 

4 58 

0043 

0 42 

5 00 


692 

5 07 

0025 

3 10 

8 17 

NEMBUTAL < 

685 

5 58 

0020 

I 80 

7 38 


700 

5 58 

0040 

3 70 

9 28 


693 

6 20 

0090 

I 25 

7 45 


^ Average 

5 II 

0031 

I 99 

7 10 


696 

2 80 

None 

2 37 

5 17 


689 

4 00 

JJ 

3 50 

7 50 


684 

4 83 

» 

0 08 

4 91 


687 

5 00 


3 12 

8 12 

CONTROL 

< 698 

5 05 

11 

2 41 

7 46 


695 

5 07 

11 

4 33 

9 40 


679 

5 67 

n 

6 76 

12 43 


694 

7 63 

n 

4 54 

12 17 


Average 

5 01 


3 39 

8 41 


It Will be seen that the controls lived almost a day and a half longer than 
the dogs receiving avertm and nembutal, and that the controls, after they 
could no longer stand, lived almost two days longer than the dogs receiving 
avertm and almost one and a half days longer than the dogs receiving nembutal 
If the abolition of convulsions has any effect m prolonging life it is obvious 
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that this eflfect should be more noticeable m the absence of any nourishment 
after the onset of seveie symptoms We conclude, therefore, that under the 
conditions of this experiment the administration of avertin or of nembutal 
is not only of no benefit but may actually be haimful 

The dose of avertin received by some of the animals was admittedly large, but on the 
other hand the dose of nembutal was known to be quite safe For example, we have 
given, with no ill effects, to normal dogs doses of nembutal 33 per cent greater and for 
a 50 per cent longer period than the aveiage of the experimental animals in Table XII 
In Experiment 12, we were interested in giving enough of the hypnotic to stop convul- 
sions and to confer some degree of relaxation Although it is possible that in some 
instances the survival period of the dogs receiving avertin may have been shortened by 
toxic action of the avertin, it is obvious that the survival period was also shortened in 
those animals receiving doses of nembutal known to be harmless 

Discussion — The injection of less than one lethal dose of tetanus toxin 
into a nonvital aiea of the cential neivous system invariably kills dogs, cats, 
rabbits, guinea-pigs, and monkeys As little as 1/400 of a lethal dose placed 
m the lumbar coid of a dog has produced symptoms and death The injection 
of less than a lethal dose of toxin into organs other than the central nervous 
system is nevei fatal This peculiar phenomenon calls for an explanation 

We have attempted to show that metabolic changes consequent to the 
constant musculai spasms aie not the piincipal factoi m causing death In 
the absence of muscular spasms (Expeiiment 3) life is prolonged to some 
extent but death ensues faiily piomptly It seems likely that this prolongation 
of life IS due to the impaired cn dilation of the coid and not to the abolition of 
convulsive movement Fuitheimoie, \\hen toxin is injected into the intact 
cord, those animals receiving relatively small doses have a far longer period 
of violent convulsions and survive longei than those animals receiving rela- 
tively laige doses However, the muscular spasms m our intact cord dogs 
may to some degiee hasten death Studies of the blood chemistry of dying 
dogs have revealed no changes which could account for death 

All these facts led us to the conclusion that a lethal agent must be carried 
from the point of injection of toxin in the lumbar cord to some vital center 
By transecting and by ligating the injected coid we have shown that the lethal 
agent does not pass up the spinal canal 111 the cerebrospinal fluid or within 
the substance of the cord itself 

We have exploied the possibility that the small amount of toxin we inject 
IS in some way multiplied to an amount sufficient to cause death We have 
been able to show that such multiplication of the tetanus toxin molecule does 
not occur Tiansplant expeiiments and assays show that the toxin is not 
multiplied and retained in the lumbai coid Furtheimore, the blood and 
lymphatic systems are the only remaining j^athways by which the lethal agent 
can reach a vital centei If the toxin weie multiplied and absorbed by the 
blood stream in amounts sufficient to cause death, theie would be present such 
signs of general tetanus as tiismus, opisthotonos, and muscular rigidity These 
signs never appear in animals dying from injection of toxin into tlie cord 
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Finally, death -still occuis even though the blood and lymph contain laige 
amounts of aiititetanic seiuin throughout the entire course of the expeiiment 
Obviously, if the toxin weie multiplied and absorbed into the blood stream 
it would be neutralized b} the antitoxin 

We the) ef ore suggest (a) that tetanus toiin in the spinal coid is alteied 
into a new lethal agent that is ahsoihed by the blood sti eain and is earned to 
some vital cento tvho e it has its lethal eficct, and (b) that this nezv lethal 
agent is not neiiti aimed by tetanus antitoiin 

The lesults of the injection of toxin into the medulla oblongata piovide 
some additional evidence of this alteration, foi even when toxin is injected into 
or close by vital centers in the medulla thei e is still a pei lod of incubation and 
a period between the onset of symptoms and death If death is due to the 
effect of unchanged toxin on the vital centers, death should come veiy much 
sooner than it does when toxin is placed m the medulla Dogs receiving a 
solution of morphine sulphate m the medulla act very diffeiently from the 
tetanus dogs Within 15 minutes aftei the injection of morphine the lespira- 
tion IS depiessed and signs of medullaiy irritation aie piesent These dogs 
have disturbances of deglutition which resemble the phaiyngeal spasms of the 
tetanus dogs The important fact is that after the injection of morphine these 
disturbances come on very much moie quickly than after the injection of 
tetanus toxin 

The suggestion has been made b) previous woikers that tetanus toxin is 
altered into a different substance Courmont and Doyon^^ thought that possibly 
the cential neivous system symptoms of tetanus do not appear until the toxin 
has been changed into a stiychnine-like body Pohl, accoiding to his assistant 
Zupnik,^® said that tetanus toxin in stiiated muscle may be changed into a 
second body which causes death Recently Zuger and Friedmann^'^ have 
offered this same possibility as one explanation of some of their expeiiments 
The earlier suggestions, however, having little experimental evidence to sup- 
poit them, went unheeded 

Alteiation such as we have described would explain the expeiimental re- 
sults of Abel and Chahan mentioned above and would also explain the puzzling 
clinical finding that the use of tetanus antitoxin has not appreciably lo^\ered 
the mortality rate of those patients who do not receive antitoxin until after the 
appearance of the central nervous system symptoms of tetanus 

W e wish to emphasize the fact that the experimental work so fai repoi ted 
should by no means be interpreted as making unnecessary tbe use of tetanus 
antitoxin as a therapeutic agent m clinical tetanus It is true that in dogs 
with expeiimental tetanus the administration of antitoxin is ineffective once a 
lethal dose has been fixed and symptoms of central nervous system tetanus are 
present But since 111 human beings tbei e is no way of telling whethei a lethal 
dose has been fixed, the clinician should continue to use antitoxin m local or 
central tetanus in hopes that a lethal dose has not yet been fixed by the body 
tissues 

In discussing the cross-circulation experiments we must repeat that our 
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various control procedures have shown the cross-circulation itself to be harm- 
less Even marked differences in blood pressures and blood volumes are not 
sufficient to cause death The cross-circulation experiments summarized in 
Table IX reveal that death of the donor due to medullary necrosis does not 
cause the death of the recipient But death does occur in a significant per- 
centage of the recipients cross-circulated with donors dying of tetanus, whether 
the toxin is injected intravenously or into the lumbar cord We feel, there- 
fore, that these experiments lend weight to our hypothesis that the tetanus 
donors absorbed into their blood streams some lethal agent sufficient in 
amount, m some instances, to kill the recipients It is obvious, of course, that 
tetanus toxin pet se could not have killed the recipients because in every case 
before the anastomosis was opened the recipient received much more than 
enough antitoxin to neutralize the toxin injected into the donor No recipient 
ever exhibited any signs of tetanus 

One may well ask why every recipient did not die, especially since we 
injected into the donor’s cord comparatively large amounts of tetanus toxin 
We have mentioned before that m a long continued cross-circulation experi- 
ment the blood streams of both animals will eventually have equal concentra- 
tions of the formed and chemical elements in the blood piovided that one 
animal is not receiving into its blood stream a steady supply of some element 
But where, as in these experiments, one animal (the donor) is constantly 
absorbing into his blood stream some element (the lethal agent), the concen- 
tration of this element m his blood stream will be persistently higher than the 
concentration in the blood of the recipient It is likely that the donor dies as 
soon as a fatal amount of this lethal agent is present For these reasons one 
could hardly expect that m every instance the recipient also would receive a 
fatal amount before the donor dies 

In the second paragraph above, we have made a statement that requires 
further qualification We should have said that death occurs m a significant 
percentage of the recipients when the cross-cn culation is carried out under nem- 
butal or when nembutal is given after the cross-cn culation has been stopped, 
and even, in a small percentage, when no respiratory depressant is used This 
brings up the question whether the lethal agent acts chiefly on the respiratory 
center If this were true it might explain why the additional burden of nem- 
butal was sufficient to kill so many of our recipients 

Our observations on the manner of death* of the animals m Experiment i 
suggested that possibly the respiratory center is that vital center on which 
the new lethal agent acts It is also a common clinical observation that sudden 
respiratory failure is often the teiminal event m patients dying of tetanus 
If death is due to a poisoning of the respiratory center, it follows that toxin 
injected into or close to such centers should act more quickly and that to cause 
death a smaller dose should be required than in the case of injection into the 
lumbar cord This we found to be true When toxin is injected in to the 

* So constant was this manner of death that by watching the respirations we could 
almost always tell when death was near 
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medulla oblongata death occuis twice as quickly, and a smaller dose suffices to 
cause death After symptoms aie piesent the injection of a usually safe dose 
of nembutal will kill the animal in a short time We have also shown that 
when toxin is given intravenously the administiation of enough nembutal oi 

avertm to stop convulsions shortens life 

For these reasons, then, we think it likely that the respiiatoiy center may 
be that vital center upon which the lethal agent acts 

Although the utmost care must be taken m applying to human beings the 
results of experiments on dogs, our observations on the manner of death and 
on the effect of respiratory depiessants suggest that such drugs should be used 
with extreme caution in cases of human tetanus This raises the question of 
using artificial respiration and respiratory stimulants m cases of human tetanus 
It IS interesting that, m the Johns Hopkins Hospital, there have been several 
cases of tetanus m which respiration has suddenly ceased and been restarted 
by artificial respiration In one case respirations stopped and were started 
again eight times 

Further investigations on the problems mentioned in this paper are being 
earned on 


CONCLUSIONS 

Experimental evidence has been presented to support the following state- 
ments 

(I) A small fraction of one lethal dose of tetanus toxin placed m a non- 
vital area of the central nervous system causes death 

(H) A similar dose of toxin m othei organs of the body does not cause 
death 

(HI) The principal factor causing death is not the metabolic changes conse- 
quent to the constant muscular spasms 

(IV) The lethal agent does not travel up the spinal cord 

(V) Death cannot be attributed to a multiplication of the tetanus toxin 
molecule 

These facts have led us to suggest that tetanus toxin m the spinal cord is 
altered into or liberates a different lethal agent which is transported to and has 
its lethal effect on vital centers 

Further evidence is presented which supports this suggestion and which 
makes it appear likely that 

(VI) The lethal agent is not neutralized by tetanus antitoxin 

(VII) The lethal agent may act chiefly on the respiratory center 

(VIII) The lethal action of this new substance may be enhanced by 
respiratory depressants ^ 
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A THIRD SERIES OF OBSERVATIONS 
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FROM THE DEPARTMENT OF S0RGER1, SCHOOL OF MEDICINE, LOUISIANA STATE UNI\EnaiTl, AND THE CHARITT HOSPITAL 

OF LOUISIANA AT NEW ORLEANS, LA 

In 1937, I repoited observations on a second senes of patients with 
thyioid disease tieated at the Charity Hospital m New Oi leans, increasing 
the total numhei of cases repoited to 662 foi the peiiod from January, 1927, 
to July, 1936^'“ I am now bringing this repoit up to date by adding 393 
cases treated in the same hospital from July, 1936, to June, 1939, making 
a total of 1,055 cases for a period of nearly 12 yeais During tins interval, 
there were appioximately 590,000 admissions to the hospital, about half of 
which weie surgical I mention these last figuies to emphasize again that 
thyioid disease is infrequent m tins area 

Table I shows that the general mortality for the second and third series 
was the same and was only half as high as that reported 111 the fiist senes 
Further analysis of these figures in later tables reveals tliat in the third 
series there was* an increase m the moitality rate in toxic patients as com- 
pared with that reported rrr the second series The general mortality re- 
mained about the same because of an increase in the number as well as a 
decrease m the moitality of nontoxic goiters 

Table I 


INCIDENCE AND MORTALITY OF THYROID DISEASE IN CHARITY HOSPITAL 

IN NEW ORLEANS 

From January i, jgsy, to June i, ipjp 


First senes 

341 cases 

26 deaths 

7 6 % 

Second senes 

321 cases 

12 deaths 

3 7 % 

Third senes 

393 cases 

15 deaths 

3 8% 

Combined senes 

1,055 cases 

53 deaths 

5 0% 


In Table II the cases aie grouped as diffuse nontoxic, diffuse toxic, 
nodular nontoxic, and nodular toxic, following, as heietofoie, the classifica- 
tion of the Ameiican Society foi the Study of Goiter, a classification which I 
have found incieasingly satisfactory from a clinical standpoint It was noted 
in going over the records of the third series that tlieie was iiioie general 
adoption of this nomenclatuie by membeis of the various staffs In view 
of the difficulty sometimes encounteied m making a positive diagnosis m 
ceitain mildly toxic goiters even with the patient at hand, the difficulty of 
attempting to confirm 01 dispiove the diagnosis simply from the charts is 
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obvious Consequently, unless tlieie was definite collective evidence which 
pointed to a dif¥erent diagnosis, the opinion of the historian with regard 
to toxicity or nontoxicity was accepted Using this criterion, I found it 
necessary in a few cases, less than lo pei cent, to take the hbeity of re- 
classifying the patients In all instances this was a matter of transferring 
them from the toxic to the nontoxic group In classifying the cases as 
nodulai or diffuse, the oiiginal diagnosis, physical examination, operative 
notes and gross pathologic description were all taken into consideration, it 
being remembered that this classification is a purely clinical one 

Table II 


DISTRIBUTION OF THYROID DISEASE IN CHARITY HOSPITAL IN 
NEW ORLEANS 


Diffuse Nonioxtc 

First senes 

87 cases 

6 deaths 

8 0 % 

Second series 

1 01 cases 

I death 

0 99% 

Third series 

62 cases 

0 deaths 

0 % 

Combined senes 

250 cases 

7 deaths 

2 8 % 

Diffuse Toxic 

First series 

94 cases 

13 deaths 

13 8% 

Second senes 

61 cases 

4 deaths 

6 5% 

Third senes 

84 cases 

7 deaths 

8 3% 

Combined senes 

239 cases 

24 deaths 

10 0% 

Nodular Nontoxic 

First senes 

77 cases 

I death 

I 3% 

Second senes 

99 cases 

3 deaths 

3 0% 

Third senes 

19 I cases 

3 deaths 

I 5% 

Combined series 

367 cases 

7 deaths 

I 9% 

Nodular Toxic 

First senes 

83 cases 

6 deaths 

7 2% 

Second series 

60 cases 

4 deaths 

6 7% 

Third senes 

56 cases 

5 deaths 

9 0% 

Combined senes 

199 cases 

15 deaths 

7 5% 

Total Nontoxic Cases 

First series 

164 cases 

7 deaths 

4 2% 

Second series 

200 cases 

4 deaths 

2 0% 

Third senes 

253 cases 

3 deaths 

I 2% 

Combined senes 

617 cases 

14 deaths 

2 3% 

Total Toxic Cases 

First senes 

177 cases 

19 deaths 

10 8% 

Second senes 

12 1 cases 

8 deaths 

6 6% 

Third senes 

140 cases 

12 deaths 

8 6% 

Combined senes 

438 cases 

39 deaths 

8 9% 


Examination of Table II leveals that for the combined series in nontoxic 
goiters there were approximately i 5 times as many nodular as diffuse goiters, 
whereas m toxic goiters there wei e i 2 times as many diffuse as nodular ones 
The mortality for the combined series of 617 nontoxic goiters was 2 3 
per cent (Table II) In the third series, there was a definite decrease in 
the mortality of nontoxic cases, a decrease in the diffuse type from 8 per 
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cent in the first series to zero per cent in the third, while the mortality in 
the nontoxic variety remained about i 5 per cent throughout the three senes 
In the toxic cases, the mortality for the combined senes was 89 per 
cent (Table II) In the diffuse group, the moitality m the second series 
(65 per cent) was half that for the first senes (138 per cent), but in the 
third series the mortality was higher than that m the second group (8 3 
per cent) In the nodular toxic group, the mortality m the first and second 
series was approximately the same, about 7 per cent, but m the thud senes 
there was an increase to 9 per cent 

To summarize, there has been a consistent impiovement 111 the results 
obtained in the nontoxic patients subjected to operation In the toxic group, 
the results in the second series .were better than those m the first or third, 
but the mortality in all three senes is still entirely too high 

Table III 

RACIAL INCIDENCE AND MORTALITY OF THYROID DISEASE 


First Senes 


White 

193 cases 

1 1 deaths 

5 7 % 

Negro 

148 cases 

15 deaths 

10 1% 

Second Series 

White 

152 cases 

3 deaths 

2 0% 

Negro 

169 cases 

9 deaths 

5 3 % 

Third Senes 

White 

146 cases 

4 deaths 

2 7 % 

Negro 

247 cases 

1 1 deaths 

4 4 % 

Combined Senes 

White 

491 cases 

1 8 deaths 

3 7 % 

Negro 

564 cases 

35 deaths 

6 2% 


An analysis of the racial incidence of thyroid disease (Table III) shows 
that m the first series white cases were i 3 times more frequent than Negro 
cases, but in the third series the figures were reversed, there being i 7 times 
as many Negro as white cases The mortality m thyroid disease as a whole 
has been consistently higher in the Negro — m the first and third senes, 
about I 7 times as high , m the second, 2 6 times as high 

Table IV 

RACIAL INCIDENCE AND JIORTALITY OF TOXIC THYROID DISEASE 


First Series 


White 

104 cases 

10 deaths 

9 6% 

Negro 

73 cases 

9 deaths 

12 3% 

Second Senes 

White 

71 cases 

2 deaths 

2 8% 

Negro 

50 cases 

6 deaths 

12 0% 

Third Senes 

White 

58 cases 

3 deaths 

5 2% 

Negro 

82 cases 

9 deaths 

11 0% 

Combuted Senes 

White 

233 cases 

15 deaths 

6 4% 

Negro 

205 cases 

277 

24 deaths 

11 7 % 
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With reference to toxicity in the two races, analysis shows that 475 
per cent of the total white cases and 36 pei cent of the total Negro cases 
were toxic The mortality 111 Negroes with toxic goiter has been higher 
than that in whites in each series, and about twice as high in the combined 
series, 64 per cent, as compaied with ii 7 per cent (Table IV) This ratio 
in mortality was appi oximately the same when the toxic goiters of the 
third series were grouped as nodulai and diffuse, as shown in Table V 

Table V 

RACIAL AND SEX INCIDENCE OF DIEEUSE AND NODULAR TOXIC GOITER 

THIRD SERIES 



Diffuse 

Type 

Nodular 

Type 


Operative 

Cases 

Deaths 

Operative 

Cases 

Deaths 

White male 

10 

I 

2 

I 

White female 

27 

I 

19 

0 

Total white cases 

37 

2 (5 4%) 

21 

I (4 8%) 

Colored male 

5 

I 

4 

I 

Colored female 

42 

4 

31 

3 

Total colored cases 

47 

5 (10 6%) 

35 

4(11 4%) 


In the third senes, the moitality in white male patients with toxic goiter 
was 166 per cent and m coloied males 222 per cent, as compared with 22 
pel cent m white females and 96 per cent in coloied females (Table V) 

I have expressed the opinion m formei papers of this series that toxic 
thyioid disease when it occurs in the Negio m this community tends to be 
more severe and more giave than the same disease in white individuals, and 
offered as a possible explanation the tendency of the Negro to postpone 
medical consultation, particularly when pain is not an outstanding feature 
of his disease Such delay is especially detrimental m toxic goiter in which, 
as we all now recognize, the best measure for lowering mortality is to treat 
the disease before the heait, liver and other organs have suffered severe 
damage 

Mortality IS, as a rule, higher in toxic nodular goiter than in toxic diffuse 
goitei, but 111 our first senes the mortality was distinctly higher m the diffuse 
group and in the last two senes it was approximately the same Why this 
difference exists I cannot say, but after analyzing the deaths, it seems likely that 
we have been bettei able to tieat the complications resulting from pro- 
longed toxicity, such as cardiac complications, pneumonia, liver damage and 
so on, but less able to prevent and treat crises, the more common cause of 
death in patients subject to this catastrophe 

I stated in my last repoit and repeat here that it has been very difficult 
to give our toxic patients adequate quiet and rest during the preoperative 
preparation This situation has existed foi a long time, but has been par- 
ticularly acute duiing the past three yeais In the fall of 
hospital was demolished to deal a site for the erection of a new building 
and as a consequence there has been much noise and confusion and in- 
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creased crowding in the already overcro^^ded wards, both medical and sui- 
gical Frequently it has been difficult to ariange for a patient with toxic 
thyroid disease to have a bed to himself, paiticulaily m the Negro wards 
where “doubling-up” is so often necessaiy During 1936-1937, when, per- 
haps, the confusion and crowding w^ere at their height, 40 toxic cases were 
treated by operation, wnth a mortality of 15 per cent During 1 937-1 93S 
and 1938-1939, there were 55 and 45 toxic cases respectively, wath a moi- 
tahty of about 6 per cent each year (Table VI) In retrospect, it is sur- 
prising that w^e fared as w^ell as w^e did, although the high mortality rate is 
not attributable to this one factor alone Four of the deaths among the toxic 
group and, certainly, the thiee deaths m nontoxic patients cannot be blamed 
upon the crow^dmg and confusion incident to the building program 


Table VI 

RACIAL AND SEX INCIDENCE AND MORTALITY OE TOXIC TH\ROID DISEASE 

THIRD SERIES 




Toxic Goiter 



^ NontoMC Goiter 


Toxic 


Male 

Female 


Male 

Female 


Non- 


White 

Negro 

White 

Negro 

Totals 

White 

Negro 

White 

Negro 

Totals 

toxic 

1936-1937 Operations 

6 

3 

10 

21 

40 

5 

6 

30 

57 

98 

138 

Quly-July) Deaths 

X 

2 

X 

2 

6 

0 

0 

0 

0 

0 

6 

1937-1938 Operations 

5 

I 

20 

29 

55 

2 

6 

31 

52 

91 

146 

Deaths 

I 

0 

0 

n 

3 

0 

0 

0 

0 

0 

3 

1938-1939 Operations 

I 

S 

16 

23 

45 

5 

3 

15 

41 

64 

109 

Deaths 

0 

0 

0 

3 

3 

I 

I 

0 

I 

3 

6 

Total operations 

12 

9 

46 

73 

140 

12 

15 

76 

ISO 

253 

393 

Total deaths 

2 

2 

I 

7 

12 

I 

I 

0 

I 

3 

15 


In the patients of the third series, thyroidectomy was performed either 
because the goiter w^as toxic or w^as causing pressure symptoms, or, as m a 
few instances, because the patient wanted it removed for cosmetic reasons 
There w^ere still a very few instances m which, so far as I could tell fiom 
the records, the thyroid was removed simply because the patient had an 
enlarged gland and w^as m the hospital It is mteiesting that many patients 
date their symptoms to a time w'hen someone told them that they had a 
goiter or an enlaiged neck This frequency with w^hicli the development 
of symptoms is concomitant wuth the knowdedge of a goiter’s being present 
makes it difficult to diagnose thyroid disease of mild toxicity or to evaluate 
the role of the thyroid m causing pressure symptoms 

All toxic patients, wdiether the goiter w'as nodulai or diffuse, were given 
iodine m some form as a pieoperative measure and, as a rule, the peiiod of 
administration w^as sufficiently long Forty-six patients with nontoxic 
goiter, most cases of wdiich w^ere diagnosed as such by the staff operating on 
the patient, also received iodine as a pieopeiatne measure This, perhaps 
IS a manifestation of our lack of confidence in our differentiation of nontoxic 
from toxic goiter 

The fact that it has been impossible to insure adequate quiet and rest 
for many toxic patients has already been mentioned The diet, except in a 
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few instances, was Ing^h in calories and carbohydrates Xhe importance of 
a diet adequate m proteins, especially m patients with great weight loss, 
has recently been emphasized Attention is now being called to the use of 
vitamins, especially vitamin B-complex m the preparation of toxic patients 
One important point geneially neglected in this third series of cases was 
frequent recordings of the weight of toxic patients during preoperative 
preparation In the absence of such records, it was difficult to estimate 
whether the diets were adequate or not, but I believe it likely that the high 
caloric diets offered were frequently insufficient for the very toxic patients 
There were some instances in which attempts to prepare the patients 
for operation were not persisted in over a sufficient length of time to induce 
a satisfactory remission 

The most commonly used sedative was luminal, bromide being next m 
frequency Toxic patients with cardiac decompensation and those with 
auricular fibrillation were digitalized before operation Quimdine was used 
preoperatively in one case In two patients roentgenotherapy was employed 
as a preoperative measure, in one, the dosage seems to have been adequate, 
although there was too long an mteival between roentgenotherapy and 
operation , m the second, the dosage was inadequate, only two exposures 
being administered 

In summary, it appears that there was an attempt to prepare adequately 
most of the toxic patients studied Proper rest and quiet were particularly 
difficult to obtain, as already mentioned The sufficiency of the diet is ques- 
tionable, but the absence of weight recordings allows no definite conclusions 
with reference to this point Whether toxicity was properly evaluated and 
whether the optimum time and the correct procedure were chosen is difficult 
to judge from a study of the records, particularly records which, although 
improved over those used in the two previous series, are not yet perfect 
However, a study of the severe reactions following operation in some of 
the nonfatal cases and of the causes of death in the fatal ones leads me to 
believe that some patients were either not properly evaluated or were sub- 
jected to more surgery than they could bear 

In the three-year period covered by this last study, there were 41 5 opera- 
tions performed on 393 patients The fact that these operations were done 
by 48 different operators emphasizes again, as in the former series, that 
it IS difficult for any one surgeon on this hospital staff to gain extensive 
experience in thyroid surgery and management It follows, too, that it is 
impossible for interns, nurses, and anesthetists to become properly ac- 
quainted with the potentialities of thyroid disease and the seriousness of 
toxic goiter, yet it is well known that in the proper suigery of thyroid 
disease team work is an essential factor 

Of the 415 operations, 363 were perfoimed under ethylene anesthesia 
and 36 under ether, the remainder under cyclopropane, local, or nitrous 
oxide In only three cases was it recorded that avertin was used as a basal 
anesthetic 
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Among the 140 toxic patients, 22 had t\\ o-stage operations , one of these 
patients died Eighteen had only the first stage of an anticipated ti\ o-stage 
procedure, four of these patients died and 14 did not return for completion 
of the operation One hundred had subtotal remo\al of the gland, seven 
of these died 

There uere 253 nontoxic patients, of these 41 had lobectomies, 16 had 
simple enucleation of an adenomatous grovth, and 196, of vhom three died 
had subtotal removal 

There ^^as evidence in the records that 12 nonfatal cases suffered injury 
to the recurrent larjngeal nenes at operation, eight of these vere non- 
toxic and four toxic In half the cases the injury vas bilateral 

Crile^ has aptly said that it is easier to pre%ent than to treat the com- 
plications of hyperthyroidism It is generally agreed that in the prevention 
of cnsis, it may be vise to transfuse the patient immediately after opera- 
tion, that an oxygen tent is invaluable, that morphine should be adminis- 
tered in adequate doses, that ice packs and other measures to decrease 
eleiated temperatures should be used, and that an adequate intake of fluids 
and carboh) drates should be insured 

In reMewing the cases in this series, I found that transfusions were 
ver}- rarely given Oxj'gen tents are not always available in this institution 
and our patients cannot afford to rent them Oxjgen itself is alvajs available, 
but often must be given by means of a nasal catheter Cnle points out that 
m the use of the oxygen tent the refrigeration obtained may be as im- 
portant as the oxj'gen itself In this series, morphine was ordered freely, 
but it IS difficult to insure its being given frequently enough simply by 
leaving a prn order Practically all toxic patients recened intravenous 
saline and glucose postoperatively, but many received it in inadequate quan- 
tities The majorit}' received iodine postoperatively I prefer to give iodine 
for at least a few dajs postoperatively, hoping to carr}" on the iodine routine 
so that no exacerbation of sjmptoms will occur because of its withdrawal 
A most important part of the postoperative regimen is watching care- 
fully for signs of hemorrhage or tracheal obstruction There was evidence 
that we have at times been lax in this respect, as three patients died from 
respirator}' obstruction , these could perhaps have been saved by performance 
of tracheotomy at the proper time 

Table VII 

CAUSES OF DEA.TH FOLLOWIXG OPERATIOX FOR TOXIC THYROID DISEASE 


LarjTigeal obstruction 2 

Cnsis 8 

Operation during increase in toxic simptoms 4 

Presence of pneumonia at the time of operation r 

Cause of crisis not determined 3 

Cardiac failure l 

Embolism i 
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Analysis of the Deaths in the Thii d Series — Opei atwe Deaths The 
12 fatalities in the 140 toxic patients opeiated upon were analyzed in an 
attempt to deteimme the main causes of death These causes are sum- 
marized m Table VII and include laiyngeal obstruction, crisis, caidiac failure 
and embolism It is possible that eight of these deaths were preventable 

There were three deaths m the gioup of 253 operations for nontoxic 
goiter Two patients died from postoperative pneumonia and one from 
laryngeal obstruction 

Nonopei ative Deaths — In the third senes, 23 nonsurgical patients with 
toxic goiter died The race and sex of the patients as well as the type of 
gland present are indicated in the following summary 

Nodular toxic goiter i colored male 

3 colored females 
2 white males 

2 white females 
Diffuse toxic goiter 3 colored males 

8 colored females 
I white male 

3 white females 

Here, as in the group of operative cases, we found about two Negro 
deaths to one white The mam causes of death in these cases were as 
follows 

Cardiac failure 4 deaths 
Pneumonia 2 deaths 

Crisis 17 deaths 

The following factors were considered precipitating causes of the crisis 
m eight of the fatal cases 

Extraction of teeth 2 patients 
Respiratorj" infections 3 patients 
Furunculosis i patient 
Suppurative parotitis i patient 
Fracture of femur i patient 

Eight of these deaths occuried between Novembei and March and 15 be- 
tween April and Octobei Rives and Seais,^ of our staff, recently studied 
21 instances of thyroid crisis occuinng in nonsurgical patients, of which 
16 crises developed during the months of June to October, inclusive Dur- 
ing these months, the tempeiature in New Oi leans is consistently above 
70° F, frequently above 90° F The humidity heie is consistently high 
throughout the year, only slightly lower in summer than in winter These 
observers believe that the high temperatuie and humidity tend to embarrass 
the heat-regulating mechanism in toxic goiter, and that the increased fre- 
quency of thyroid crisis in summer is significant of that fact 

That our problem in thyroid disease is not pecuhai to this institution is 
demonstrated in reports by Thompson and his co-woikers® from Cook County 
Hospital of Chicago, an institution -which is in many ways compaiable to 
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ouis They reported that, in the years between 1931 and 1933, the mortality 
in exophthalmic goitei foi the whole hospital was 1 3 i pei cent , 111 toxic 
adenoma 9 8 per cent , in nontoxic adenoma 4 1 per cent , and m simple 
goiter 26 per cent These figuies aie compaiable to ours The second 
report of these aiithois coveied the peiiod fiom 1932 to 1937 and in it they 
compared the mortality of then own cases with that obtained in the remainder 
of the hospital, over which they exeited no control In the control series, 
there were 572 toxic goiteis with a mortality of 94 per cent, in their own 
senes, theie weie 317 toxic goiters vith a mortality of 2 8 per cent In the 
nontoxic goiters, then moitahty was half that in the control senes On the 
author’s own sei vices, they reduced the mortality rate in toxic goiters to 
one-sixth what it vas previously They summarize the regimen under 
which they succeeded in 1 educing the mortality rate as follows Each pa- 
tient vas tieated as an individual pioblem, suigery was withheld until the 
condition of the patient justified opeiation, a special high caloric diet for 
toxic patients was developed and opeiation was rarely perfoimed unless the 
patient had gamed weight, suigeiy was performed by a selected group of 
surgeons These authors maintain that the policy of letting many surgeons 
get limited experience m operating upon patients with toxic goiter, together 
with the policy of keeping hospital beds free for use by quick turnover of 
these patients, will inevitably maintain a high mortality late With this I 
am m complete accord 

We note with some degiee of consolation that Lehman and Shearburn® 
report a series of cases which embraces an experience similar to ours m 
Negro patients Their figures show a o 84 pei cent mortality for white and 
94 per cent for Negro patients with toxic goiter This leads us again to 
our former conclusion that a disease is most a problem wheie it is least a 
problem Our efforts must be directed to more adequate care, particularly 
in Negro patients 


SUMMARY 

(1) Obseivations on 393 suigical cases of thyroid disease tieated m the 
Charity Hospital 111 New Orleans between July, 1936, and June, 1939, are 
added to those of two previous repoits, bringing the total number of cases 
to 1,055 for the period from January, 1927, to June, 1939 Of this total 
number, 491 are white and 564 aie Negro patients 

(2) The mortality foi patients with toxic thyroid disease in the third 
series, 8 6 per cent, is higher than that of the second but lower than that of 
the first series However, in pioportion there are twice as many toxic Negro 
patients m the third as m either of the othei two series 

(3) Hyperthyroidism is a more grave and more severe condition in the 
Negro than the same disease 111 white individuals The mortality is con- 
sistently higher m all series for Negro patients — i 3, 43, and 2 i times 
higher m the first, second, and thud series, respectively 

(4) The mortality rate foi patients with nontoxic thyioid disease has 
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decreased from 4 2 pei cent m the first series to 2 3 per cent in the third 
series 

(5) The preoperative preparation, the operative procedure and the post- 
opeiative caie given patients in this series are analyzed and some of the 
factors contributing to the high mortality rate are pointed out 

(6) Fifteen cieaths among the 393 surgical patients of the third series are 
analyzed, as well as 23 nonsurgical deaths that occurred in the same period 
of time 
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Few instances of auto-nioculation of human malignant tumois have 
been recorded m the literature in lecent years Instances of delibeiate or 
unintentional transplantation of tumors to distant sites m the course of sur- 
gical procedures aie extremely rare, and those repoited involved chiefly 
caicmomata The direct “seeding” of the operative wound or a seious mem- 
brane, and the dislodging of emboli to form distant metastases, in the course 
of operation foi biopsy or removal of a tumor, have been recognized for 
many years The dangers involved have been the subject of much bitter 
debate ^ Accidental transmission to othei individuals of viable malignant 
cell nests contained in aspirated fluids oi incompletely killed vaccines have 
been reported^- ^ The most fascinating transplants aie those in which the 
invasive cells appear to have been carried by the patient’s hand, or to have 
been inoculated in a new site by the direct contact of an ulcerated malignancy 
with an unmvolved surface® s » Shattock and Dudgeon,® in 1915, re- 
viewed the cases m the literature up to that time Instances of transmission 
to other individuals, as by coitus, have been leported Implantation of 
malignant cells 111 the wall of a viscus distal to the primaiy site, after having 
been carried by the contents of the organ or surgical instrument such as a 
bougie, has been recorded The development of a second cancer de novo, or 
metastasis by the more common routes to a site of previously lowered re- 
sistance, must also be considered Adequate microscopic study is often 
lacking in the older reports 

Two instances of successful, intentional human auto-moculation of 
malignancies have been cited by Butlin® (i) Portions of a disseminated 
carcinoma m the skin were transplanted by Hahn, m 1887, probably as a 
skin graft to unmvolved areas of skin, (2) a sarcoma of the breast was 
transplanted by Cornil, m 1891, to the opposite breast The latter is the 
only instance of autotransplantation of sarcoma which we have discovered 
The only previous instance of accidental tiansplantation m the course of skin 
grafting, which ue have discovered, is that m which cells weie transferred 
from the site of opeiative removal of a mammaiy carcinoma to a single 
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donor area on the thigh during the application of pinch grafts to the skin 
defect Three cases of recurrence in skin grafts applied over incompletely 
excised tumors, one of which was a sarcoma, have been recorded 
The present case is, we believe, the second recorded instance of transmission 
of a sarcoma to a new site on the same individual as a result of an opeiation, 
and the first case in which a malignancy was transferred during the applica- 
tion of a full-thickness pedicle skin giaft 

Case Report — T W S , white, male, age 43, married, railroad brakeman, was 
seen in August, 1937, complaining of an ulcer on the heel for several weeks The family 
history was negative for malignancy The past history revealed no serious illnesses 
Twenty-three years previously a freight car had run over the right heel, resulting in 
an avulsion of a portion of the os calcis The wound healed slowly, but eventually be- 
came covered by skin The patient continued to work, wearing a pad in the heel of 
the shoe At intervals, usually during the summertime, the site of the old injury would 
break down but slowly heal again under local treatment, without the patient losing 
time at work In the spring of 1937, he fell down some stairs, injuring the right heel, 
with subsequent development of an ulcer which gradually increased in size, discharged 
serous material, and failed to heal after local treatment 

The temperature, pulse and respirations were normal, the blood pressure 106/70 
The patient was well developed, well nourished, and in no pain The general physical 
examination was noncontnbutory except for palpable cervical and inguinal nodes and 
small varicose veins, more marked on the left leg About one-third of the right heel was 
missing In the skin overlying the site of the old injury was a 4 cm round, firm, pink, 
ulcerated area, raised 0 5 cm above the surface, fixed to the underlying tissues, and 
exuding a small amount of serous discharge The Wassermann and other laboratory 
tests were negative 

A tentative diagnosis of osteomyelitis was made On September 3, 1937, the 
granulating area was excised, and the exposed bone curetted, no infected areas were 
found Microscopic preparations of the removed tissue showed little change in the 
stratified squamous epithelium Fibrous strands, irregularly arranged, were separated 
by myxomatous tissue and were not sharply differentiated from the underlying stroma 
The cells varied slightiv in size, shape and staining quality, and contained small nucleoli 
Some edema, with small numbers of polymorphonuclear leukocytes and lymphocytes, 
was present near the surface A diagnosis of subacute inflammation of fibroelastic 
tissue was made elsewhere A comparison of the tissue with that removed subsequently 
reveals that the process was invasive at this time On September 23 and 30, 1937, the 
entire granulating area on the heel was covered with pinch grafts taken from the left 
thigh The wounds healed completely and the patient was discharged from the hospital, 
October 6, 1937 

Two weeks later, thinning was noted in the grafted area, with two small ulcers at 
the outer margin By November ii, 1937, two months after the first excision, the 
grafts had entirely disappeared and were replaced by clean granulation tissue On 
November 12, 1937, the granulating area over the heel was again excised A flap of 
skin the size of the exposed area of heel was dissected upward from the anterior surface 
of the left thigh with a very liberal pedicle attachment The right heel was brought 
over to the left thigh, and the skin flap was sutured to the skin margins of the heel 
with silkworm-gut Gauze and cotton packs were placed under the attached skin flap, 
as well as over the sutured skin edges, so that the margins of the granulating wound 
on the right heel could not come in contact with the skin of the left leg or the pedicle 
at the point of attachment to the left thigh After padding, a plaster encasement was 
applied for eight days to hold the foot in position An unusuall> abundant blood suppl} 
developed through the pedicle in that interval and the graft remained quite pink after 
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being se\ered The V-shaped incision in the left leg was closed with a pressure dressing 
No pathologic examination was made of tissue removed at this time Both wounds 
healed satisfactorily, the graft on the heel retracted slightly at the skin edges over 
the upper aspect, but the blood supply lemamed ample The patient was discharged, 
November 27, 1937 

During the next two months, the granulation tissue sunounding the graft on the 
heel definitely changed in character, becoming angry m appearance with greater vascular- 
ity and marked proliferation It spread centnfugally from the margins to cover an 
area twice the former size, the extension could be noted from day to day The graft 
was elevated above the surface by the proliferative growth and gradually shrank to 
half Its original size Local compresses with aluminum acetate and 1,200 R units of 
roentgenotherapy were ineffective in reducing the granulations Cultures for fungi 
were negative, a course of iodides gave no improvement Severe pain developed in 



Fig I — Right heel showing fungating mass and discolored skin Note 
the shrunken skin graft to the right of the midline 


the heel and leg, requiring sedation The patient was readmitted, January 26, 1938 
In the five months since he was first seen he had lost a moderate amount of weight 
The right heel was covered by a 12x9 cm red, soft, friable, heaped-up, fungating mass 
which tended to overhang the border of nonulcerated skin and bled freely at the 
slightest touch The skin for a distance of 3 5 cm beyond the edge of the lesion was 
edematous and duskj^ purple in color The well-preserved skin graft measured 45 
cm in diameter (Fig i) No nodes were palpable in the inguinal region A diagnosis 
of fibrosarcoma was made from a biopsy of the heel 

On January 29, 1938, the right leg was amputated 10 cm below the knee Dense, 
white, firm tissue, distal to the graft and overlying the os calcis, appeared to be con- 
tinuous with the bone, no other bone was involved No necrosis was seen beneath the 
surface The graft measured 08 cm in thickness Microscopically, the tissue was 
qualitatively similar to that previously seen — ^very vascular, made up of cells growing 
in strands and whorls undermining the squamous epithelium, and sharply demarcated 
from the underhung connectne tissue (Fig 2) The cells were very large, h>per- 
chromatic, anaplastic, with large nucleoli and many mitoses Definite areas of spindle 
and myxomatous cells with smaller nuclei were present The tissue was found between 
spicules of bone, but did not invade tendon At the junction of the old graft with the 
tumor many large vessels, most of which were thrombosed, were found, but no tumor 
emboli were demonstrated Focal areas of slight lymphocytic infiltration were found 
deep m the tissue with pol j morphonuclear exudate and gram-positive Cocci on the 
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surface only The amputation wound healed promptly and the patient was discharged, 
February 12, 1938 

Shortly after discharge, the point on the left thigh at which the pedicle to the skin 
graft had been excised showed signs of infection, although no open wound had been 



Fig 2 — Photomicrograph of tissue from the right heel (Xno) 




Fig 3 — Left thigh showing the scar at the site of removal of 
the full thickness graft, 'v\ ith the ulcer at the point of attachment of 
the pedicle The scars of the previous pinch grafts are also visible 


present for three months Warm saline compresses were employed with little benefit 
A circumscribed ulcer 3 cm in diameter developed, similar in appearance to the previous 
one on the right heel, with friable heaped-up edges, rising 4 Mm above the surface 
and partly covered by epithelium The base was pale, not granular, and was raised 
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above the surface of the surrounding skin (Fig 3) On two occasions aerobic hemob'tic 
Staphylococcus amcus and anaerobic beta hemolytic Sti cpfococcus were cultured from 
this ulcer, mixed cultures of these organisms caused no lesion when injected into the 
skin of a rabbit On March 12, 1938, an area of skin 7x4 5 cm containing the ulcer 
together with the deep fascia overlying the muscle was excised The floor of the ulcer 
was composed of white tissue, 4 Mm in thickness, well demarcated from the under- 
lying fat Microscopical!} , the tissue was identical with that from the right heel, except 
for more anaplasia and increased numbers of mitoses — four to six per high power 
field (Fig 4) Gram-positive Cocci, chiefly m phagocytes, were present only on the 
surface At the growing edge, perivascular lymphocytic infiltration was present with 



Fig 4 — Photomicrograph of tissue from the ulcer on the left 
thigh (Xi 10) 


a large amount of phagocytosed brown pigment, which gave a strong staining reaction 
for iron The patient was discharged, March 20, 1938, with the wound well healed, 
no inguinal nodes were present He received 1,800 R units of roentgenotherapy post- 
operatively over the left thigh and inguinal region Up to this time, December 20, 1938, 
there has been no sign of recurrence at either site, and the patient is up and about, 
using an artificial limb satisfactorily 

Comment — The tumoi in the piesent case apparently originated in gran- 
ulation tissue by malignant change as the result of repeated traumata with 
secondary local infections over a period of 23 years Bloodgood^'^ has pointed 
out the difficulty in determining the malignancy of such tumors, particulaily 
at the first examination 

It IS possible that, by some unnoticed break in technic, tumor cells were 
carried, perhaps by the knife, from the malignancy on the heel to the upper 
end of the incision on the opposite thigh at the time the graft was raised 
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and aiDphecl Contamination diiect contact during the time the two 
wounds weie ojDiiosed seems less likely, foi they weie caiefully isolated by 
dressings In eithei event the transplant appealed at the site which was left 
intact for the pieseivation of blood supply to the giaft It would seem un- 
likely that cells weie transfeiied latei when the pedicle was excised, foi the 
knife was used only on the “clean” aiea of the thigh and no sutures were 
taken 

Although saicomata aie known to spread chiefly through the blood stream, 
such an explanation is unlikely in the absence of other metastases Since 
fibiosaicoma is highly invasive locally, but metastasizes slowly, direct ex- 
tension IS a possibility Bloodgood,^"* however, points out that excision need 
not be carried fai beyond the invading border to effect complete removal 
This would suggest that such a possibility was a remote one in the piesent 
case, but two attempts at local excision were unsuccessful The short time 
the giaft was m contact with both areas would have necessitated a very rapid 
late of growth for the tumor to pass by diiect extension through either the 
lymphatics or blood vessels of the graft However, rapid growth was noted 
clinically 

Handley^^ has advanced the theory and shown that caicinoma of the 
breast spieads chiefly by permeation of lymphatics He has also traced the 
spread of a melanosarcoma of the skin of the leg for a distance of 17 cm , 
and believes the mode of initial spread in this tumor is identical with that 
of carcinoma Davis and Tiaut^** have described the giowth of new blood 
vessels fiom the recipient area into grafts, and find them frequently growing 
up with gieat rapidity through thrombi m the transplanted vessels of the 
giaft By an analogous method, this sarcoma could have extended back 
through the pedicle giaft to the donor area Thrombosed vessels in the 
graft were demonstiated at the time of amputation, but no tumor cells were 
showm in them, although serial sections weie not cut It is possible that any 
tumor cells piesent were destioyed by increase 111 fibrous tissue, this has 
been noted in the experimental production of tumor emboli It is impossible 
to tell which of the suggested 1 outes of transfei is the correct one 

SUMMARY 

An instance is rejDorted of accidental autogenous transplantation of a 
fibiosarcoma of skin which developed m the scar of an old injury, following 
repeated tiaumata and infections The tiansfer from the right heel to the left 
thigh was effected during the application of a full-thickness pedicle skin graft 
either by direct extension through the graft, or by accidental contamination 
of the incision at the donoi site 
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John Hunter, when asked by a pupil whether he had not, the year 
before, stated an opinion on some point dnectly at variance with one he 
had just put forth, is said to have leplied “Veiy likely I did, I hope I grow 
wiser every yeai ” At anothei time, when asked whether he had written 
so-and-so, he replied “Never ask me what I have said, or what I have 
wiitten, but if you will ask me what my present opinions are, I will tell 
you These lemaiks are those of a sincere student of nature and are as 
applicable m the piesent day as they were some hundred years ago, for with 
the ever advancing knowledge of the medical sciences, we learn more of 
the underlying facts concerning the diseases of the human body as time 
goes on In no other condition aie these assertions more applicable than 
they are to that of acute hematogenous osteomyelitis, the conception of which 
has undergone constant changes during our lifetime 

Thirty years ago, the surgeon’s endeavor m treating this disease was to 
eliminate, at once, the local focus from within the bone by means of some 
type of ladical procedure There were those who advocated the chiseling 
away of a surface of the coitex of the diaphysis and the removal of all the 
medullary contents by means of a cuiet, while others resected the entire 
diaphysis fiom within its periosteal covering These weie drastic, time- 
consuming opeiations which produced seveie shock to patients already weak- 
ened by sepsis If death was not hastened, a long convalescence was bound 
to follow, which teiminated, only too often, m a crippled and deformed limb 
or an amputation Gi adually, we came to realize that the infection could not 
be eiadicated at once, cn masse, through these methods, and that the mutilat- 
ing operative procedui es added inestimable damage to an already embarrassed 
circulation of the bone, causing more bone necrosis than the disease itself 
The operative tieatment of the bone lesion was much simplified by Starr,- 
in 1922, when he showed Uhe actual mannei in which the infection spread 
outward from the metastatic focus within the metaphysis Because of his 
findings, Stan advised eaily, simple drainage of the focus, incision of the 
overl3nng soft paits until pus was found or, in cases m which the exudate 
had not as yet reached the subperiosteal space, the dulling of a few holes 
thiough the cortex of the metaphysis This proi^ed to be a decided advance 
111 the tieatment of the bone lesion as, by means of simple incision down 
to the abscess adequate diainage is accomplished and tension is relieved 

' Read before the Joint Meeting of the New York Surgical Society and the Philadel- 
phia Academ\ of Slllger^ Febriiarj 8, 1939 Submitted for publication Februar\ i, 1939 
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without breaking down the local resistance of the tissues, oi materially 
damaging the alread}'^ embarrassed circulation to the bone A further im- 
provement in the treatment of the bone lesion was made by Orr,^ m 1929, 
when he recommended adequate drainage of the lesion, packing the wound 
in the soft parts with vasehned gauze, and instituting complete rest of the 
part, thiough immobilizing the limb within a plaster encasement, and infre- 
quent diessings His recommendations however, were slowly accepted, as 
the piocedure was consideied by many to be nnsiagical The results obtained 
by those who have employed Orr’s method, however, moie than establish its 
efficiency, and we believe that it is one of the greatest advances, so far made, 
in the treatment of acute inflammatory lesions of bone , for, thi ough complete 
rest of the diseased part, not onl}'" from motion but also from the irritation of 
needless dressings, the local lesistance of the tissues is enhanced, further 
spread of the infection is prevented, contamination by secondaiy organisms 
IS precluded, pain is averted, and a state of complete musculai relaxation is 
obtained 

It IS significant that none of the eaily writers on the subject of acute 
hematogenous osteomyelitis have laid sufficient stiess upon the presence of an 
active blood stream infection Starr dismissed the subject m these few words 
“The blood stream infection is most fiequently transient and cultures may 
be obtained but rarely When the blood cultuie is positive and repeated, a 
general septicemia results, and recovery is uncommon ” Oir says “A patient 
with an acute bone infection and a septicemia ah eady established (one might 
better say a severe septicemia since many of them, if not all, really have a 
septicemia from the beginning) calls for the exercise of great surgical judg- 
ment both at operation and subsequently At the opeiation drainage is the 
essential thing , the operation must not stop shoi t of it no matter where it 
leads one ” 

Finally, in 1934, Fraser,"* of Edinburgh, drew our particular attention to 
the specific underlying condition of the acute osteomyelitis, that is, the blood 
stream infection “A haeniic infection of a bone,” he said, “presupposes that 
staphylococcal organisms are already ciiculating in the blood stream and that 
then locahzatwn in the bone is but a local manifestation of the geneial dis- 
tia bailee To the smgeon the local infection has been the impoitant item 

in the clinical pictin e it is upon this that he has concentiated his in- 
genuity and his skill, but is it light that we should legaid the local focus as 
a most deploiable and legrettable manifestation^ Theie is such a thing as a 
fixation abscess, — natiiie’s method of producing a defensive aiea fioin which 
the facto) s of inimumty are oi ganiced and developed ” 

This conception of the disease which we call hematogenous osteomyelitis 
places the bone lesion in a position of being merely an incidence in the course 
of a blood stream infection, which may be transitory oi may continue until 
death claims the patient We believe it is generally conceded that the blood 
stream infection, in many cases of this condition, is transitory and, therefore, 
the patient when first seen is often merely suffering from a localized abscess 
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involving the cancellous tissue of a bone and its surrounding soft parts or, 
in other woids, an acute osteom3'ehtis In these cases the treatment need 
only be directed toward the evacuation of the pus and to the promotion of 
the healing of the lesion, for the patient seldom dies of this single focus 
New piocedures foi the improvement in the treatment must, therefore, be 
diiected toward the so-called fulminating type of case, for in this type the 
patient is suffering primarily from the effects of the blood stream infection, 
a septicemia, accompanied by a local focus within a bone, which eafly in the 
disease is usually in its first stages of development It is in this group of 
cases that the high moitahty occuis, from septicemia, or from pyemia later 
in the course of the disease In our experience, fatalities are almost always 
due to a septicemia or pyemia and never to the bone lesion (Table I) Pyrah 
and Pam’’ reached a similar conclusion through their studies of the post- 
mortem findings in 51 fatal cases All these deaths could be ascribed directly 
to causes other than the bone focus, the result of a septicemia or a super- 
vening pyemia with abscesses involving vital organs 

Table I 

ANALYSIS or 38 DEATHS IN A SERIES OF 2l8 CASES 
OF HEMATOGENOUS OSTEOMYELITIS 

Causes of Death 

Septicemia 

Staphylococcus ill 

Streptococcus 3 ^ 19 

Unknown 5 J 


Pyemia 

Staphylococcus 8 1 

Streptococcus i > 10 

Unknown i j 

Pericarditis (Staphylococcus) 5 

Endocarditis (Streptococcus) i 

Meningitis (Streptococcus) i 

Chronic sepsis 2 


Total 38 

Evidently the moitahty from this disease is not due to the osteomyelitis 
but to the preceding blood stream infection, which may cause death through 
a septicemia 01 pyemia Thus, such endeavors that are made to save life 
should be directed primarily against the underlying blood stream infection, 
rather than concentrating them entirely upon one of the metastatic lesions 
which happens to be within a bone or joint 

Further, there is some question as to the advisabilit}'- of too early drainage 
of the bone lesion The advocates of early operation appear to be of the 
opinion that the disease arises within the bone and that all the systemic symp- 
toms result from this focus , therefore, the earlier drainage is instituted the 
better it is for the indnudual Those wdio view' the bone lesion as an inci- 
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deuce of the geneial blood stream infection believe, as Fiasei does, that 
“There is such a thing as a fixation abscess, — natuie’s method of producing 
a defensive area from \\hich the factois of immunity are organized and 
developed,” and fuither that “The piognosis is improved if ^^e have the 
courage to delay operation until the focus is reasonabl}" well established and, 
having chosen the most opportune time, to restiict the operation to one in- 
volving the minimum of interference and yet seeming diainage and relief 
of tension ” Robertson,® a collaboiator of Stair and until recentl}'’ a stiong 
advocate of early drainage, now states “Recently, the writer has felt that an 
early operation gives no help to the patient The pioblem in an early case 



Chart i — Showing the ^elation of the time of onset and the time of death to the day of operation 


is one of combating a blood stream infection, dealing with the toxins and 
organisms that are present, and until some approach to an equilibrium has 
been reached surgery, m so far as incision of a local lesion goes, has nothing 
to offer When the condition has reached a point where pus is present, then 
a simple drainage may be of advantage ”® 

We agree in general with the opinions expressed by both Fraser and 
Robeitson, as five years ago, having reviewed our case histones, we discov- 
ered that i6 of the 38 deaths occurred before the third postoperative day and 
nine others before a week had elapsed (Chart i) Thus 60 per cent of all 
the deaths in this series of 218 cases occuned during the fiist seven days 
following operation Thirty of these children had been sick for less than 
seven days before opeiation and all weie markedly septic Thiee died as 
early as 24 houis following opeiation It is useless to surmise as to how' 
many lives might ha^e been saved if the diainage of the focus had been 
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postponed until a time when the bodily resistance had increased sufficiently to 
combat the active blood stream infection Some of these patients would have 
surely died from septicemia or pyemia, regaidless of what procedure was fol- 
lowed, as the infection in many instances was overwhelming in its intensity, 
but in others we believe that more favorable results might have been obtained 
if operative intervention had been delayed, at least until the resistance of the 
body had been stiengthened through the establishment of a physiologic fluid 
balance, as none of these patients received intravenous clyses before operation 

FIVE CASES ILLUSTRATING FULMINATING TYPES OF THE DISEASE, IN WHICH 
EARLY OPERATION WAS INEFFECTUAL 

Case I — Staphylococcus Osteomyelitis of the Right Tibia, Pyemia F T, female, 
age nine, was admitted to the hospital, February 13, 1921 Five days previously, she had 
fallen down, subsequent to which she had walked a few steps but thereafter remained m 
bed, as she seemed to be getting steadily worse On admission she was very toxic 
Temperature 1042° F, WBC 28,000, polymorphonuclear leukocytes 87 per cent There 
was marked swelling and tenderness over the right tibia, especialb" its lower end, and 
marked edema around the ankle 

The child was immediately operated upon The periosteum was found entirely raised 
from the bone throughout its entire length by seropurulent fluid The medullary cavity 
contained a small quantity of exudate of the same character The anterior surface of the 
bone was cut away and the medullary cavity cleaned with a curet Dakin tubes were 
inserted Culture from the pus, as well as the blood culture, showed Staphylococcus 
am eus A hypodermoclysis of 500 cc was administered on the following day and another, 
of 450 cc , on February 15 At this time there was marked rigidity of the neck, the 
arms were held flexed and attempts 10 extend them caused pain Hyperesthesia of the 
entire body was present There was marked swelling with acute tenderness in the region 
of both parotid glands On February 16, there was much more swelling of the parotid 
glands, the child died that afternoon, three days following operation and eight days after 
onset of the disease Shortly after death a spinal tap showed clear fluid 

Autopsy — Multiple abscesses in the heart muscle with patchy hyaline degeneration , 
injection of pia arachnoid of the brain , multiple abscesses of the lungs , acute parenchyma- 
tous degeneration of the spleen, acute parenchymatous degeneration and multiple miliary 
abscesses of the kidneys , acute parenclumiatous degeneration and solitary miliary abscess 
of the liver 

Comment — The pyemia in this case must have been present at the tune 
of operation, three days befoie the death of the child, who had been sick for 
only five days at that time Opeiation upon the bone focus could hardly be 
expected to be of help in this case 

Case 2 — Osteomyelitis of the Femur E D , male, age three, had been sick but two 
days, when admitted to the hospital, December i, 1922 His condition was extremely 
toxic Temperature was 1052® F, WBC 20,000, polymorphonuclear leukocytes 85 per 
cent The region just below his left knee, which was held flexed, was swollen, hot and 
tender The child was immediately operated upon, a three-inch incision being made along 
the lateral surface of the thigh, just above the condyle The periosteum was found to be 
separated from the lower end of the femur and the space between it and the bone was 
filled with thin pus The child died 12 hours later There was no record of blood culture 
or culture of the pus There were no roentgenograms taken 

296 



™mber2^ OSTEOMYELITIS AND PYARTHROSIS 

Comment — This was apparently a case of acute, fulminating osteo- 
myelitis of the lower end of the left femur, with marked sepsis The infec- 
tion spread rapidly from the metaphysis to the subperiosteal space on the 
lateial surface of the femur Death, which occurred 12 hours after opera- 
tion, was due to septicemia, though pyemia may have occurred 

Case 3 — Staphylococcus Osteomyelitis of the Humerus Suppurative Pericarditis 
F P , female, age nine, was admitted to the hospital, May 3, 1924 She had been ill for 
one week with pain m her left shoulder, which gradually became worse and the soft parts 
about the shoulder became swollen There was high temperature and later pain in the 
left elbow On admission, temperature 102° F, WBC 19,800, polymorphonuclear 
leukocytes 80 per cent The soft parts about the left shoulder were found to be tense and 
indurated and any motion at the joint produced pain Signs of inflammation extended 
down the arm to the elbow joint The capsule of the elbow joint was distended and 
fluctuant The right arm was also swollen and painful The child's condition was serious 
She was delirious, dyspneic, and there was a pericardial friction rub which could be heard 
over the entire precordium 

The child was immediately operated upon The periosteum was found stripped from 
the whole length of the left humerus The bone was white and apparently dead Pus, 
which was found infiltrating through all the tissues, was evacuated Pus was also found 
under the periosteum of the right humerus A Staphylococcus haemolyticns was recovered 
from the pus and from the blood cultures The septic temperature continued and. 
May 17, the pericardial sac was aspirated and 140 cc of thin, greenish pus was obtained 
At the same time 200 cc of straw-colored fluid was aspirated from the left pleural cavity 
The culture from the pus showed Staphylococcus hae^nolyticus Two days later. May 19, 
the pericardium was drained The patient died, however, on June 3, 1924 

Comment — In this case, we, have an infection which localized in the 
proximal metaphysis of the left humerus and shaft of the right humerus, as 
well as in the pencaidium There was a definite bacteriemia during the 
entire time the child was in the hospital Death was apparently due to the 
pericarditis, rather than to any localization of the infection in the bone 

Case 4 — Staphylococcus Osteomyelitis of the Femur Suppurative Pericarditis 
G M, female, age ii, was admitted to the hospital, December 7, 1931 She had been ill 
for one week, the condition having started with a high temperature and pain m the region 
of the left hip joint On admission, the child was delirious Temperature 1024® F, 
WBC 15,800, polymorphonuclear leukocytes 86 per cent The left hip was swollen and 
tender and the superficial veins over it were markedly dilated There was little motion in 
the joint and any attempt to move it produced severe pain 

The child was immediately operated upon The left hip joint was drained through an 
incision along the posterior border of the trochanter A large amount of pus was 
evacuated Cultures from the wound and the blood showed Staphylococcus auicus On 
December ii, four days after admission, there were 500 colonies of bacteria per cubic 
centimeter of blood The condition of the child grew steadily worse, though two trans- 
fusions were given, and, December 14, there were definite signs of an acute pericarditis 
The patient died, December 16, 1931, nine days after admission 

Comment — This patient was admitted m a state of sepsis and with a 
well-localized lesion of the left hip joint There was no indication as to the 
portal of entry of the infection Staphylococcus aiucus was obtained from 
both the pus 111 the hip joint and the blood stream The lesion apparently 
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stalled in the upper metaphysis of the neck of the femur and rapidly pene- 
trated the bone into the joint The child developed an acute suppurative 
pericai ditis, which caused her death 

Case 5 — Staphylococcus Aureus Haemolyticus Pyemia , Acute Osteomyelitis of the 
Right Femur Suppurative Arthritis of the Right Knee N C , female, age four and a 
half, was admitted to the hospital, February 5, 1033 One week previously, she had 
fallen on her right knee Two days later, she complained of pain around the joint and hei 
temperature rose to 105 2° F On admission, the child was found to be extremely toxic 
Temperature 104° F, W B C 31,000, polymorphonuclear leukocytes 92 per cent The 
region about the right knee was swollen and tender and motion caused extreme pain 
There were s.gns of fluid in the joint The knee joint was aspirated and 5 cc of blood 
stained fluid was obtained, from which a hemolysmg Staphylococcus aiitcus was obtained 
The knee joint was drained and the limb was placed on a posterior molded splint Culture 
from the blood showed many colonies of Staphylococcus awcus The child’s condition 
grew worse, though she was transfused on two different occasions She died, February 
10. 1933. five days after admission 

Autopsy — Bilateral bronchopneumonia , serofibrinous pleurisy , fibropurulent peri- 
carditis , fibropurulent peritonitis , focal abscess in the myocardia , acute vegetative endo- 
carditis , focal suppurative necrosis of the liver , multiple abscesses of the ileum, cecum 
and ascending colon, with perforation of the ileum , multiple abscesses of the kidney 
Staphylococcus aui cus haemolyticus was obtained by culture from all of these lesions 

Comment — There seems to be little doubt that, m this case, the osteo- 
myelitis of the lower end of the femur was merely one of many metastatic 
lesions, which followed a Staphylococcus ant eus blood stream infection The 
autopsy showed the many lesions caused by this ovei whelming blood infec- 
tion Death cannot be ascribed to the osteomyelitis and an earlier operation 
could hardly have been expected to save her life, as the pyemia developed 
so rapidly, for she was operated upon on the fifth day of the disease and died 
five days later 

The deaths were also studied m relation to the elapsed time of the disease 
before operation In 128 instances, m which the childien had been sick for 
less than a week, 30 died, a moitahty of 23 per cent, while in the remaining 
90 cases. 111 which the disease had lasted longer than a week, only eight died, 
a mortality of 89 pei cent The findings at operation in the former gioup 
were, in many instances, those of an early infection The foci in 13 of 
these were entirely confined to a metaphysis, in five of which, only a few 
drops of thin, blood-stained exudate were obtained on drilling the cortex , 
and, in six others, though an exudate was found beneath the periosteum, it 
was serosanguineous m character It is believed that the inflammatory focus 
within the bone, m many of these cases, had advanced so little that a definite 
abscess wall had as yet not been established and that, through postponement 
of the operation, at least until the water balance of the body had been in- 
creased, the local resistance of the tissues might have been increased For 
the sake of argument in favoi of this procedure, we present the modern 
practice of delaying incision of pyogenic infections of soft tissues until an 
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abscess has fully fonned Why, then, it may be asked, should a p}ogenic 
infection of the medullaiy tissue of a bone be incised befoie it has consoli- 
dated as an abscess ^ 

THRED CASES, ILLUSTRATING THE FINDINGS AT OPERATION, IN WHICH 
THE INFECTION HAD NOT AS YET BECOME LOCALIZED 

Case I — Streptococcus Osteomyelitis of the Right Humerus Septicemia C L , 
male, age eight, was admitted to the Pediatric Service, March 2, 1927 For five days, he 
had had pain in the right arm, which was accompanied b} drowsiness and loss of appetite 
His mother had noticed some swelling of the right arm for the first time on the day of 
admission, at which time his temperature was 106° F, pulse 124 The child was trans- 
ferred to the Children's Surgical Service on the following day At that time his condition 
was extremely toxic and he had severe, generalized convulsions WBC 15,000, pol}- 
morphonuclear leukoc} tes 90 per cent 

The patient was immediately operated upon, an incision being made over the antero- 
lateral aspect of the upper end of the right humerus The muscles were split and 
letracted The periosteum was found to be edematous and raised About one dram of 
thin, serosanguineous exudate was found beneath it The cortex was drilled and about 
half a dram of material of the same character was obtained from the medulla A small 
window was raised m the cortex A second incision was made over the lateral aspect of 
the lower portion of the humerus Here, the periosteum was found to be normal, but was 
incised and a hole was drilled and serosanguineous exudate obtained The patient died 
within five hours after operation Culture from the wound showed the St) eptococcus 
hacmolyficus 

Comment — A case of acute, blood stieam infection with an osteomyelitis 
of the right humerus, due to the SU eptococcus haemolyhcns A thin, sero- 
sanguineous exudate was found at operation The patient died five horns 
after opeiation If the opeiation had been dela3^ed until the body fluid had 
been replaced, voulcl the outcome have been different^ 

Case 2 — Streptococcus Osteom} ehtis of the Left Femur , Septicemia M C , male, 
age II, was admitted, July 31, 1927, three da>s after he had returned from a two weeks’ 
vacation m the countr}*", apparently in perfect health Twenty-four hours later, he com- 
plained of headache and went to bed He soon began to have pain m the left inguinal 
region and left knee His appetite was fairly good and there was no elevation of tem- 
perature Bow^els did not move That night he was restless and apparently in pain A 
slight epistaxis occurred during the night The da}" before admission, he had a slight 
fever m the morning, wdiich increased in the afternoon and he became delirious He con- 
tinued to have pain in the left groin, left knee and down to the left foot He vomited 
once, the day before admission On admission, the child appeared critically ill, ivith 
rapid respirations and delirium Temperature was 1064® F The axillary nodes were 
enlarged, especially those on the left side He complained of pain on movement of the 
left leg, referring it to the hip Internal and external rotation of the left thigh caused no 
pain, but flexion and extension did 

An immediate operation w"as performed, a lateral incision being made through the 
skin and muscle just below" the great trochanter dowm to the bone A small quantity of 
clear, serous fluid w"as evacuated The periosteum w"as loose, although not raised Three 
drill holes w^ere made through the cortex of the bone and w^ere connected by chiseling 
Sterile gauze packing w"as used and a dr}, sterile dressing w"as applied Culture from the 
wound sho}ved Si}cpfococcus hacvwlyftcus The child died on the following day, four 
days after the onset of the disease 
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Comment — This case is one of an early Stieptococcus haemolyticus in- 
fection, with localization in the femur, which had not progressed to abscess 
formation 

Case 3 — Staphylococcus Osteomyelitis of the Right Tibia Septicemia J K, male, 
age nine, was admitted to the hospital, December 21, 1927, four days after a fall, in which 
he injured his right knee Twenty-four hours later he complained of severe pain in the 
upper part of the right leg and soon after he had a chill and vomited His parents said 
he had fever He continued to vomit and refused to eat At the time of admission his 
condition was markedly toxic Temperature was 106° F, pulse 140 There was swelling 
in the region of the right knee which extended up into the lower part of the thigh and 
down to the middle of the leg The local temperature was increased and there was some 
redness of the overlying skin of the part Motion at the knee joint was limited and pain- 
ful and the entire area was tender There was no maximum point of tenderness W B C 
9,000, polymorphonuclear leukocytes 88 per cent 

He was immediately operated upon, an incision being made along the lateral aspect of 
the thigh, just above the external condyle of the femur The periosteum was split and 
separated for a distance of about one inch and the bone was drilled No pus was found 
A second incision was then made over the anteromesial aspect of the tibia Here the 
periosteum was found to be edematous and it separated easily The metaphysis of the 
bone was drilled at this point, releasing a small amount of brownish-yellow pus under 
slight pressure A small window was raised from the cortex and the wound was packed 
with gauze One hour following the operation, the patient had a mild convulsion and died 
within four hours Blood cultures taken at the time of operation showed no growth after 
24 hours Culture from the lesion showed the presence of Staphylococcus auicus 

Comment — This case is of interest, as one of a severe septicemia with 
acute osteomyelitis of the metaphysis of the tibia The child had been sick 
for only three days, and the lesion of the bone had not advanced to the 
state of abscess formation The blood count indicated that there was little 
bodily resistance to the infection The question arises whether the outcome 
might not have been different if the fluid balance of the body had been 
adjusted before operation had been undertaken 

Robertson,*^ who stated that “no case should be operated upon in which 
there is not a definite abscess,” bases his conclusion on the supposition that 
the presence of the toxins fiom the local focus may stimulate the human 
organism to the production of antitoxin, and that “while a high degree of 
natuial antitoxin may not be a factor in the direct destruction of the organ- 
ism, yet it IS not umeasonable to suppose that the neutralization of the toxin 
will allow other defense agents to have an unimpaired action m the destruc- 
tion of the oiganisms ” 

Fraser'* states “I feel infinitely less anxious about the future of the osteo- 
myelitis case when there is a pronounced local bone focus with early suppura- 
tion than I am when the local reaction is indefinite and suppuration is absent 
or delayed” Fiom our own experience, we believe that nothing is to be 
gamed through incision of an inflamed tissue in which the infection is still 
diffuse, but that when localization has occurred, the abscess should be diained 
It may be said by the advocates of early incision, that postponement of 
operation will increase the amount of bone neciosis, through mtermedullary 
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tension and undue stripping of the periosteum by the exudates This occurs 
in neglected cases However, it is believed that during the time that the 
inflammatoiy process is consolidating, these factors aie not active and that 
gross circulatory interference to the bone occurs only after the abscess has 
foimed and commences to point 

It should become evident to anyone who studies a laige number of cases 
that the course of acute hematogenous osteomyelitis differs materially in le- 
spect to the type of causative organism as it is found that the manifestations 
of the disease, when due to the Staphylococcus atoeus, are quite different to 
those when due to the hemolytic Streptococcus Though either type of organ- 
ism may pi oduce a septicemia or pyemia, accompanied by a local focus within a 
bone, the leaction of the body is quite different to each of these organisms, 
in fact, being caused by diffeient organisms, each of these conditions is a 
sepal ate, specific disease Heretofore, little attention has been paid to the 
actual causative factor and, in consequence, in the past, the treatment of all 
cases of hematogenous osteomyelitis, whether due to the Staphylococcus oi 
the Streptococcus, has been the same 

Robertson states that “There is little similarity between the two condi- 
tions, and unless we make a clean cut distinction between Staphylococcus and 
Streptococcus osteomyelitis, there cannot be any clear understanding of the 
serologic problems that enter into the treatment of the condition It is use- 
less, from the standpoint of tieatment, to group all cases of osteomyelitis and 
to considei the moitality of the whole group ” The diffeience m the two dis- 
eases, he says, is due entirely to the nature of the toxin of the Staphylococcus 
and its ability to produce necrosis, and that the Staphylococcus may have re- 
curring attacks, while the Streptococcus nevei does 

In the early pait of 1933, soon after reviewing our previous cases of acute 
osteomyelitis, we began to make modifications in the manner of handling 
these cases Since then, through the giadual introduction of impioved 
methods, a moie conservative form of piocedure has been established 111 
caring foi these patients, as we began to treat the individual patient, rathei 
than using a routine proceduie m all cases 

These changes may be briefly outlined as follows On admission of the 
patient to the hospital, a tentative diagnosis being made, the individual’s 
geneial physical condition is built up through the administi ation of intra- 
venous clyses of a solution of normal saline, with 5 per cent glucose, and 
blood tiansfusions, when indicated In order to ascertain the type of organ- 
ism lesponsible foi the condition, a blood culture is taken at this tune and 
samples of exudates from joint effusions or superficial abscesses, if piesent, 
aie obtained for bacteiial investigation The involved limb in the meantime 
IS completely immobilized in splints or by a plastei encasement When the 
fluid equihbiium of the body is established, which should be accomplished 
within SIX to 18 hours, the question of draining the lesion may be considei ed 
In the presence of a well-formed abscess in the soft parts 01 a pyaithiosis with 
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thick pus, operation is not further delayed If, however, a thin exudate has 
been obtained through aspiration, oi the causative organism has been shown to 
be the Sti eptococais haeinolyhcus, operation is postponed, though a distended 
joint IS always emi^tied of its effusion by aspiiation befoie the limb is immo- 
bilized An active focus can be cuied in some instances through immobilization 
of the pait and, in others, the inflammation becomes localized and makes the 
establishment of diainage at a latei date easier and more efficient Sulfanila- 
mide should be given m those cases m which the Sti eptococcus haemolyticus is 
shown to be the causative agent (There weie three cases in our series in 
which it was used ) 

A CASE ILLUSTEATING THE USE OF IMMOBILIZATION OF THE LIMB AND 
DELAY OF OPERATION UNTIL THE INFECTION BECAME LOCALIZED 

Case Report — Streptococcus Osteomyelitis of the Femur Pyarthrosis of the Hip 
R A , male, age ten, was admitted, June i, 1937, with a five day history of pain and 
swelling around the right hip joint He had had drainage from the right ear for several 
months The boy was acutely ill, with a temperature of 105° F He was dehydrated 
There was swelling and marked limitation of motion of the right hip joint The hip joint 
was aspirated and thin pus was obtained Sti eptococcus haemolyticus was cultured from 
the pus A blood culture at this time was positive for Streptococcus haemolyticus The 
fluid balance of the patient was restored and several small blood transfusions were given 
The right hip was immobilized bv means of a plaster spica For three and one-half weeks 
the boy remained acutely ill, with a septic type of temperature Sulfanilamide was given 
during this period Then his general condition improved and the temperature subsided 
Several changes of the plaster spica were made during the following five months When- 
ever the spica was left off for a few days, however, there would be a rise in temperature, 
during this period 

Five months following admission, fluctuation developed over the uppei third of the 
right thigh, accompanied by a rise m temperature This area was incised and drained, a 
few sequestra were removed, and a plaster spica reapplied The boy remained m the 
hospital for another six months and was discharged with the wound healed Roentgeno- 
grams at this time showed marked destruction of the femoral head and neck There was 
some loss of function of the right hip At the present time, the wound is healed There 
is still some loss of motion of the hip joint, though ankylosis is not present 

Comment — Though limitation of motion is still present, the destiuction 
of the head and neck was not great, as compared with other cases of the 
Old Set les treated by traction, where secondary infection so often ensued 

The opeiative procedure which is employed is as simple as is consistent 
with the establishment of adequate drainage which must be obtained, wherever 
it leads one The most direct route of approach to the lesion is chosen by 
ascertaining the maximum point of tenderness before the anesthetic is admin- 
istered The incision through the soft tissues must be ample enough to 
expose the underlying bone If pus is found beneath the periosteum, the 
membrane is widely incised without stripping it further from the bone If 
no pus IS found, the periosteum is incised over its most edematous part and 
the edges are carefully pushed apart with an elevator, exposing a small area 
of the cortex of the metaphysis The coitex is then drilled in several places 
with a quartei-inch bit, or a small “trapdoor” is raised with a gauge The 
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cancellous bone of the metaphysis should not be disturbed The edges of 
the wound in the soft tissues aie then gently packed apart with vasehned 
gauze and the wound is dressed with a copious dressing of dry gauze, aftei 
which a plastei encasement is applied to the limb This should extend well 
beyond the joints contiguous to the involved bone, so as to obtain complete 
immobilization of the part as any slight motion within it, by causing pain, 
will hinder the relaxation of the tense muscles about the lesion Suppurative 
joints are drained in a similar mannei, the capsule being widely incised in 
one or more places (A pyarthrosis of the knee joint, foi example, is drained 
thiough two parallel incisions, one on either side of the patella ) The edges 
of the wound in the overlying soft tissues aie then packed apart with vase- 
lined gauze, care being taken not to place any within the joint cavity The 
wound IS then dressed and the limb is immobilized m a plaster encasement 
Though most cases of Staphylococcus pyarthrosis are due to the direct exten- 
sion from a focus m a neighboring metaphysis, experience has shown us that 
the drainage of the joint is adequate in relieving the metaphyseal lesion, as 
has been repoited’^ The encasement must not be removed until odors from 
the dressings become offensive, nor should a window be cut m it for inspec- 
tion or dressing of the wound Orr^ states that “Following operation, with 
a sick patient, the desire to be doing something often leads to excesses of 
treatment that are undesirable Even if all the symptoms persist following 
such an operation, nothing is to be gained by further disturbance of the 
wound Dressings, which are nearly always resorted to, should, therefoie, 
not be done ” To this we thoroughly agree 

Following operation, the general physical condition of the patient must be 
improved, through caieful nursing and attention to the physiologic needs of 
the body During the early days, the water balance and nutrition must be 
stabilized through venous clyses of normal saline and glucose and a simple, 
nutiitious diet Blood transfusions are most important foi increasing bodily 
resistance 

Since employing this procedure, in the treatment of acute hematogenous 
osteomyelitis or pyarthrosis, we have cared for 50 children with one or the 
other of these conditions, though complete immobilization was not used in 
the earliei cases We are, therefore, able to compare the results obtained in 
these cases with those of our former series, in which more radical methods 
of treatment had been used routinely, without preoperative preparation of 
the patient Though the number of cases m the Nezv Seues is small, com- 
pared with those of the Old, the improvement shown m the results is so 
striking that we believe we may report our findings to advantage 

The causative oigamsms aie known in 185 of the 218 cases of the Old 
Senes, and 111 all of the 50 cases of the Nezu Senes (Table II) 

The moitality of the Old Senes was 167 per cent, and that of the New 
10 per cent 

In cases with positive blood cultures, the mortality of the Old Series was 
46 per cent, and that of the Nezv 29 per cent 
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The moitality of cases of infection due to the Staphylococcus of the Old 
Seiies was 165 per cent and of Stf eptococcus haemolyticus, 17 per cent, 
while in the New Senes it was Staphylococcus, 103 per cent, and Sh epto- 
coccus haemolyhcns, 9 5 pei cent 

In cases with positive blood cultuies, the mortality of those cases due to 
Staphylococcus of the Old Soies was 465 per cent and of Sti eptococcus 
haemolyticus, 44 5 per cent , while in the Nezu Sei les it was Staphylococcus, 
27 per cent, and Sti eptococcus haemolyticus, 333 per cent 

Table II 

TWO SERIES OF CASES OF OSTEOMYELITIS, IN WHICH THE MORTALITY OF THE MORE 
CONSERVATIVE METHOD IS COMPARED WITH THAT OF OLDER METHODS 

Old Senes New Senes 



Culture from Focus 

Positive Blood Culture 

Culture from Focus 

Positive Blood Culture 

Type of 

No of 


Per 

No of 


Per 

No of 


Per 

No of 


Per 

Organism 

Cases 

Deaths 

Cent 

Cases 

Deaths 

Cent 

Case^ 

Deaths 

Cent 

Cases 

Deaths 

Cent 

^staphylococcus 

151 

25 

16 5 

41 

19 

46 5 

29 

3 

10 3 

ir 

3 

27 0 

Streptococcus 

34 

6 

17 0 

9 

4 

44 5 

21 

2 

9 5 

6 

2 

33 3 

Totals 

i8S 

31 

16 7 

SO 

23 

46 

so 

5 

10 

17 

5 

29 


There -were five deaths among the 50 cases of the Nezu Senes Thiee of 
them occurred 111 cases of infection due to the Staphylococcus and two due to 
the Sti eptococcus 

Eleven patients with Staphylococcus osteomyelitis, two of whom had com- 
plicating pyaithrosis, weie treated by immediate immobilization in a plaster 
encasement following operation (Table III) One of them died two months 
later from a Staphylococcus meningitis, following an acute middle ear infec- 
tion and mastoiditis Eight other patients with Staphylococcus osteomyelitis, 
two of whom had a complicating pyarthrosis, were treated with plaster encase- 

Table III 


LOCAL TREATMENT OE STAPHYLOCOCCUS CASES 


Procedures 

No of 
Cases 

No of 
Deaths 

Cause of Deaths 

Orr technic 

ir 

I 

Two months after operation, 

Encasement immobilization 2 wks 
after operation 

8 

o 

Staphylococcus meningitis fol- 
lowing mastoiditis 

Immobilization in splints after opera- 
tion 

8 

2 

(a) Five months later — pyemia 

Carrel -Dakin treatment 

2 

0 

(b) Four days later — pyemia 

Totals 

29 

3 



meiits which were applied within two weeks following the operation None 
of these died Eight patients with Staphylococcus osteomyelitis, one with a 
pyarthrosis, had the involved limb immobilized by means of molded plaster 
splints immediately following opeiation, in order that the wounds might be 
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diessed fiom time to lime Two of them died, one fi^e months aftei opera- 
tion, fiom multiple secondaiy foci, and the othei, four days following opeia- 
tion, from a pyemia, with abscesses involving almost all the vital oigans The 
two remaining instances of patients with Staphylococcus osteomyelitis w’eie 
treated by the Caiiel-Dakm technic without any fatality 

SEVEN CASES OF STAPHYLOCOCCUS OSTEOMYELITIS ILLUSTRATING THE 
MORE CONSERVATIVE TREATMENT OF THE FULMINATING TYPE 

Case I — Staphylococcus Osteomyelitis of the Tibia T L , male, age four, was admit- 
ted, April 24, 1933, with a three-day history of pain and swelling around the right knee, 
following an infected blister of the right heel Temperature io6° F, WBC 25,000, 
polymorphonuclear leukocytes 96 per cent The day of admission, after receiving intra- 
venous clyses, the right tibia was drilled, Carrel-Dakin treatment was instituted and a 
splint applied to the right thigh and leg Culture of the pus obtained was positive for 
Staphylococcus aiiicus Following operation, another foci developed in the upper end of 
the right humerus, which had to be drained four days later At this time a blood culture 
was positive for Staphylococcus auicus Followmig incision and drainage of the right 
humerus, a plaster shoulder spica was applied He remained in the hospital for four 
months, being discharged August 15, 1933 At the time of discharge the wound over the 
tibia was still draining Unfortunately, he never returned to the Follow-Up Clinic 

Comment — This case illustiates that the pnmary On treatment of the 
osteomyelitis of the humerus w^as followed by piompt healing, wdiile the 
Canel-Dakm treatment of the tibia was not 

Case 2 — Staphylococcus Osteomyelitis of the Os Calcis I P , female, age nine, was 
admitted, July 15, 1933, w'lth a three-day history of pain m the right heel Temperature 
was 105° F Two days later, the soft tissues over the right heel were incised A blood 
culture at this time was positive for Staphylococcus auicus Following operation the 
temperature remained high Four weeks later, the os calcis was split and a plaster encase- 
ment applied This w as continued for three months, at which time the wound was healed 
She w'as discharged December 3, 1933 When seen in the Follow-Up Clinic, one year 
later, the wound had remained healed 

COMMENT' — This case illustiates conservative treatment of a fulminating 
case of osteomyelitis, though the On tieatment w'as not employed until the 
os calcis had been opened 

Case 3 — Staphylococcus Osteomyelitis of the Radius, with Multiple Other Foci in 
Bones P3'emia J K , male, age eight, was admitted, November 21, 1933, w'lth a 24-hour 
history of abdominal pam The physical findings noted were tenderness and spasm in the 
right side of the abdomen Temperature, 104° F, WBC 12,100, polymorphonuclear 
leukocytes 70 pei cent For tvo days, the patient was observed in the hospital and then 
an appendicectomy was performed The appendix was not diseased The day following 
this operation, pam w'as complained of m the left wrist and, four da} s later, the wrist w'as 
incised and drained Culture from the pus obtained was positive for Staphylococcus aui cus 
At this time the blood culture w'as also positive for the same organism Following this, 
foci developed 111 the proximal end of the right tibia, the proximal end of the right femur, 
the proximal end of the left tibia and the distal end of the left humerus Each focus was 
incised and drained and splints applied to the extremities affected Two and one-half 
months after admission, he developed a unilateral empyema and a purulent otitis media 
Cultures from both w^ere positive for Staphylococcus auicus After four and one-half 
months, the temperature dropped to normal and remained so The bo} remained m the 
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hospital for eight months more On discharge, December i6, 1934, all wounds were healed 
When seen in the Follow-Up Clinic, four years later, the only deformity was a fusion of 
the right hip, with two inches' shortening of the right lower extremity 

Comment — ^This case illustrates an osteomyelitis with pyemia which le- 
coveiecl Though the Orr technic was not then employed, the involved limbs 
were immobilized with plaster splints and the fluid balance of the body was 
kept up 

Case 4 — Staphylococcus Osteomyelitis of the Left Tibia N W, female, age two and 
one-half, was admitted, April 28, 1935, with a two-day history of pain around the left 
ankle Temperature 104° F, WBC 11,500, polymorphonuclear leukocytes 85 per cent 
Twenty-four hours following admission, her fluid balance having been adjusted, the lower 
end of the left tibia was drilled, the wound lightly packed with vaselined gauze, and a 
plaster encasement applied The blood culture at this time was positive for Staphylococcus 
mucus The Orr method of treatment was continued for two months, when a sequestrec- 
tomy became necessary A month following this, the child was discharged, September 21, 
193S, with the wound healed She has not retuined to the Follow-Up Clinic 

Comment — A case of the fulminating type of osteomyelitis, with a bac- 
teiiemia, treated by the On technic without further foci in either bone or 
soft tissues 

Case 5 — Staphylococcus Osteomyelitis of the Tibia R P , male, age five, was admit- 
ted, March 18, 1938, with a three-day history of pain in the right leg There was swelling 
and tenderness over the proximal end of the right tibia Temperature 105° F, WBC 
11,500, polymorphonuclear leukocytes 80 per cent The blood culture taken at this time 
was positive for Staphylococcus aiueus Several hours following admission, after the 
administration of intravenous fluids, he was operated upon The wound was lightly packed 
with vaselined gauze and a plaster spica applied to the extremity Following this pro- 
cedure, the temperature gradually subsided, so that 20 days later it remained at a normal 
level During this period one blood culture was positive for Staphylococcus atu cus The 
Orr method of treatment was followed for five months, when a roentgenogram showed a 
sequestrum This was removed and the Orr method continued Four months later it was 
necessary to saucenze the old cavity, which was followed by healing 

Comment — This patient was tieated by means of the Orr technic through- 
out, though he had a blood stream infection, no other foci developed in either 
bone or soft tissues 

Case 6 — Staphylococcus Osteomyelitis of the Right Tibia Pyarthrosis of the Right 
Knee B S , female, age 14, was admitted to the Fourth Medical Division, December 22, 
1937, with a three-day history of pain and swelling of the right knee Temperature 
104'' F , WBC 10,500, polymorphonuclear leukocytes 80 per cent A provisional diag- 
nosis of acute rheumatic fever was made She remained on the medical ward for five 
days, when a definite diagnosis of acute osteomyelitis of the lower end of the right femur 
was arrived at At this time, the blood culture was positive for Staphylococcus aiucus 
Her temperature fluctuated daily between 102° and 104° F On December 28, she was 
operated upon A considerable quantity of pus was drained from the soft tissues of the 
upper end of the right tibia The periosteum was elevated and pus was found beneath it 
The wound was packed with vaselined gauze and a plaster encasement applied to the thigh 
and leg The organism cultured from the pus was Staphylococcus aiucus 

Following the operation, her temperature dropped to about 101° F and remained at 
this level for two months The postoperative treatment consisted of repeated blood trans- 

306 



OSTEOMYELITIS AND PYARTHROSIS 

fusions and supportive measures, along with immobilization of the extremit}' b}' means of 
a plaster encasement extending to the hip Several blood cultures were negative Two 
months following the operation, the temperature rose to a level of 104° to 105® F The old 
wound was opened and further drainage of the tibia w'as instituted by the removal of some 
necrotic bone The w'ound w'as lightly packed with vasehned gauze and an encasement 
applied to the thigh This w'as follow'ed by a spread of the infection into the knee joint 
The knee joint w^as then drained by means of tw^o lateral incisions These w'ounds were 
lightlj'’ packed wnth vasehned gauze and a plaster encasement w'as applied from the toes to 
the chest At this time the blood culture w'as again positive for Staphylococcus auieiis 
Four days following drainage of the knee joint and the application of the plaster spica, 
the temperature fell to below 100° F and remained there Several changes of the spica 
w'ere made and she was discharged, July 2, 1938, with the leg and thigh immobilized 
She now' has an ankylosed knee joint and there is a small sinus over the upper end of the 
tibia, which occasionally heals, only to later break down 

Comment — This patient was seen, for the first time, in consultation, ttvo 
months after the initial drainage, when her blood stieam became positive foi 
the second time The case demonstiates the necessity of efficient drainage, as 
following the incision of the knee joint and the use of complete immobiliza- 
tion, the blood stieam infection ceased and the temperatuie lapidly letuined 
to normal 

Case 7 — Staphjdococcus Osteomyelitis of the Left Femur T A , male, age 16, was 
admitted, September 8, 1939, wath a three-day historj' of pain and swelling of the right 
index finger Temperature 102° F, WBC 11,200, polymorphonuclear leukocytes 75 
per cent The right index finger was reddened and sw'ollen over the entire dorsal surface 
, The day follownng admission, the finger was incised and drained How'ever, the tem- 
perature remained elevated and, tw’o days later, the patient complained of pain over the 
low'er end of the left thigh Swelling and tenderness developed over this area and, three 
days later, the region was incised and drained Pus was found beneath the periosteum of 
the lower end of the femur The w'Ound w'as packed with vasehned gauze and a posterior 
molded splint was applied in an attempt to immobilize the leg Intravenous clj'ses were 
given Cultures from pus of the finger and the thigh w'ere positive for Staphylococcus 
atneus The culture from the blood w'as also positive for the same organism The patient’s 
temperature remained elevated around 104° F and, five days following drainage of the 
infection of the femur, a plaster spica w'as applied Following this, there was a drop in 
temperature to a level of about 102° F and, eight days later, the blood culture was nega- 
tive for Staphylococci In the meantime, he had developed an abscess of the right 
antecubital fossa, wdiich was drained The right arm was immobilized by means of a 
plaster encasement This w'as followed by a gradual drop in his temperature and gradual 
improvement in his general condition Repeated blood transfusions w'ere administered 
during this period, as w'ell as intravenous clyses Three months following operation, the 
encasement w'as removed, and a month later the patient w'as discharged At the present 
time there is slight drainage from the w'ound in the thigh He also has a chronic 
osteomj elitis of the phalanx of the finger 

Comment — This case demonstiates the fulminating type of osteomyelitis 
W'lth a positive blood stream infection, where thei e was fairly rapid improve- 
ment without metastases to othei bones, following the employment of the 
Oir treatment 

Of the cases of Streptococcus infection (Table IV), seven patients, tw'o 
of w'hom had a pyarthrosis of the hip, w'ere treated by immobilization of the 
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involved limb in a plaster encasement immediately follo\ving operation, with 
no fatalities Two others, who had plaster encasements applied within two 
weeks following operation, recovered In the cases of five patients whose 
limbs were immobilized in molded splints following operation, one died on 

Table IV 

LOCAL TREATMENT OE STREPTOCOCCUS CASES 



No of 

No of 


Procedures 

Cases 

Deaths 

Cause of Deaths 

Orr technic 

7 

0 


Encasement immobilization 2 wks af- 

ter operation 

2 

0 


Immobilization in splints after opera- 

tion 

5 

I 

Twelve days after operation — 
emboli with gangrene of feet 

No immobilization 

3 

r 

Seven days after operation — 
from old lung abscess 

Encasement immobilization — no oper- 

ation 

4 

0 


Totals 

21 

2 



the twelfth postoperative day fiom multiple emboli of the vessels of the lower 
extiemity In three cases, no immobilization was used at all, one of these 
patients died of a lung abscess which was apparently the poital of entry of 
the blood stieam infection In foui instances, two of which Avere pyarthroses 
of the hijD, the lesions lesolved AVithout operation, the limbs being merely im- 
mobilized m plaster, following aspiiation of the effusions 

TAVO CASES OF STREPTOCOCCUS OSTEOMYELITIS ILLUSTRATING THE MORE 
CONSERA'^ATIA^E TREATMENT OF THE FULMINATING TYPE 

Case I — Streptococcus Osteomyelitis of the Tibia B K , male, age one and one- 
half, Avas admitted, January 2, 1933, Avith an eight-day historj^ of pain and SAvelhng of the 
right leg These symptoms Avere preceded by an upper respiratory infection On admis- 
sion, there Avas considerable swelling OA'er the proximal third of the right tibia Tempera- 
ture 105° F, WB C 18,000, polymorphonuclear leukocjdes 80 per cent A blood culture 
taken on admission was positive for hemolytic Streptococcus Tiventy-four hours after 
admission, the soft tissues over the proximal end of the tibia AA'ere incised and drained 
Thin pus Avas found beneath the periosteum The bone AA'as not drilled FolloAVing the 
operation the leg Avas immobilized by means of a posterior plaster splint The patient’s 
clinical condition gradually improved and, 14 days later, the temperature reached a normal 
level Within six Aveeks the Avound Avas healed The boy Avas discharged, February 17, 
1933. but he did not return to the FolloAv-Up Clinic 

Comment — A case of Streptococcus osteomyelitis AAuth blood stream in- 
fection, treated by diamage of the focus and immobilization of the limbs by 
means of plaster splints 

Case 2 — Streptococcus Osteomyelitis of the Femur F G , female, age 14 months, 
AAas admitted, February 6, 1933, AAUth a tAA'o-daj history of pain in the right thigh Three 
Aveeks previously she suffered from a “cold” and her mother stated that she had had no 
appetite since On admission, there AA'as tenderness over the distal end of the right femui 
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Temperature 104 8° F , W B C 26,600, polj morphonuclear leukocj tes 78 per cent A 
blood culture taken at this time was positive for hemohtic Streptococcus On the daj of 
admission, the soft tissues over the lower end of the femur w'ere incised, after the fluid 
balance had been adjusted, but no pus was encountered The bone was then drilled and 
a few drops of thin purulent material obtained Carrel-Dakin tubes were placed in the 
w'ound and the leg immobilized by means of a posterior plaster splint Following this 
procedure, her postoperative course was characterized by a high temperature and com- 
plicated by ulcerations of both buttocks How'ever, at the end of a month, the temperature 
had reached a normal level and she w'as allow'ed to Iea\e the hospital, April 30, 1933 
At that time, she still had a draining sinus She w'as seen at intervals during the 
ensuing year and w'as admitted to the hospital 13 months later wntli a persistent sinus 
The distal end of the femur w'as then operated upon, employing the Orr technic, and the 
wound healed wuthm six w’eeks She has been seen at intervals since and the w'ound has 
remained healed 

Comment — A case of Sti eptococcus osteomyelitis of the femui, \vith 
blood stieam infection, tieated Ijy incision and immobilization of the limb m 
plaster splints, with Carrel-Dakm tieatment of the tvound (Foi othei ex- 
amples the leadei is referied to the case histones of Streptococcus pyaithrosis 
of the hip joint ) 

The results of conseivative tieatment of five patients with Sti eptococcus 
pjaithrosis of the hip joint were most encouraging In all of them, the 
joints Aveie fiist aspirated In thiee of these cases plaster hip spicas weie 
applied as well, one case had to have the joint diained two months later, but 
the other two recovered ivithout opeiation In anothei case, ti action was 
used, following an aspiiatioii, until the tw^entieth day, when the joint w^as 
drained and a plaster hip spica was then applied The fifth case was an 
infant of seven months, m wdiich the joint w'as aspiiated but latei a diamage 
was necessaiy All of these five patients lecoveied One of them could not 
be follow^ed The othei foui obtained functioning hip joints, though m one 
instance, motion w^as lestiicted and in anothei, theie w'as slight shortening 
of the limb 

FIVE CASES or STREPTOCOCCUS PYARTHROSIS OF THE HIP JOINT 
ILLUSTRATING A MORE CONSERVATIVE FORM OF TREATMENT 

Case 1 — Streptococcus Pyarthrosis of the Right Hip Joint L L , male, age one, w^as 
admitted, December 14, 1935, wnth a seven-day historj^ of irritability, fever, anorexia and 
rash For four da^s prior to admission he had not moved his right leg There was 
sw'elling of the right hip region and a generalized macular rash Temperature w'as loi® F , 
W B C 14,000, polymorphonuclear leukocytes 52 per cent The right leg was placed in 
traction with a one pound w'eight For tw'O w'eeks, the temperature remained around 
loi" F The swelling around the right hip joint gradually increased Then the hip 
joint was aspirated and 25 cc of cloud}', straw'-colored fluid was obtained Hemol}tic 
Streptococci were cultured from the fluid The blood culture at this time w'as negative 
Fne da}s later, the fluid aspirated from the hip joint w'as considerabl} thicker in con- 
sistenc}, and incision and drainage w'as decided upon 

At operation, the joint w'as drained posteriorly, the wound in the soft parts lightl} 
packed with vasehned gauze, and a plaster hip spica w'as applied Eight da}s following 
the incision and diamage, the temperature dropped to normal and remained down The 
encasement w'as remoied after four weeks The wound was healed At this time, there 
was marked limitation of motion of the hip joint The patient was discharged March 6, 
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1936 One year following discharge from the hospital, both legs measured the same 
length — 37 5 cm There was very slight loss of extension but no other loss of motion 

Comment — A case of hemolytic pyaithrosis of the hip joint in which 
drainage was delayed until the exudate became puiulent Tieated by means 
of the On method, lecovery with little loss of function 

Case 2 — Streptococcus Pyarthrosis of the Right Hip Joint F K , female, age 5, 
was admitted to the Ear, Nose and Throat Service, March 3, 1936, with a two weeks’ 
history of fever and a discharging ear, which followed an attack of measles On physical 
examination spasm of the muscles about the right hip was noted Temperature was 
105° F, WBC 13,600, polymorphonuclear leukocytes 60 per cent The hip joint was 
aspirated and a small amount of serous fluid was obtained Culture of this fluid was posi- 
tive for Sh eptococciis haemolyficus The right hip was encased in a plaster spica Follow- 
ing the application of the spica the temperature gradually dropped, during an eight-day 
period, from a daily level of 105° to around loo'" F The spica was changed at intervals 
of about two weeks, for eight weeks, when the immobilization was discontinued At this 
time a roentgenogram showed “destructive arthritis of the right hip joint characterized by 
marked osteoporosis of the head and neck of the femur, diminution of the joint space and 
epiphyseal space between the head and neck” On discharge from the hospital, June 6, 
1936, there was marked loss of motion of the hip joint Examination m the Follow-Up 
Clinic, one year following discharge, showed 25 per cent loss of extension at the hip joint, 
40 per cent loss of flexion, and 10 per cent loss of abduction There was no shortening 
of the extremity 

Comment — This case demonstrates the treatment of Streptococcus pyar- 
thiosis of the hip joint by means of aspiiation and immobilization 

Case 3 — Streptococcus Pyarthrosis of the Right Hip Joint P M , female, age four, 
was admitted. May 24, 1936, with a four-day history of pain in the right hip and a dis- 
charge from the left ear Two weeks previously, she had had a sore throat and a gen- 
eralized body rash which subsided after two days’ duration On admission, the child was 
acutely ill Temperature 105° F, WBC 12,500, polymorphonuclear leukocytes 80 per 
cent She had an acute pharyngitis and a bloody discharge from the left ear The right 
hip was held in flexion , there was marked resistance to any motion , a slight amount of 
swelling was present A blood culture taken at this time was positive for Sti eptococciis 
hacmolyiicns A small amount of blood-tinged fluid was aspirated from the right hip joint 
Culture of this fluid showed Streptococcus hacmolyticus A plaster spica was applied, 
immobilizing the hip joint 

The patient remained critically ill Temperature level of around 105° F She was 
given several small blood transfusions A week later, the blood culture was still positive 
for Streptococcus hacmolyticus, but the child’s general condition was improved The spica 
was removed at this time and the hip aspirated again A new plaster spica was applied 
Two weeks later, the temperature had dropped, her general condition was improved, and 
the blood culture was negative for Streptococci The plaster spica was changed on several 
occasions, and three months later was removed for good At that time roentgenograms 
showed irregularity of the head of the femur, with evidence of some destruction of the 
femoral head and neck Since then, there has been no recurrence of the condition in the 
hip joint Both legs are approximately the same length There is slight loss of both 
abduction and extension of the right hip 

Comment — This patient illustrates the result following an acute strepto- 
coccus infection of the hip joint treated by aspiration and immobilization 
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Case 4 — Streptococcus Pyarthrosis of the Hip Joint J Ivf , male, age seven months, 
was admitted, January 3, 1933, to the Pediatric Service, with a twenty-four-hour history 
of cough, vomiting and continuous crying The baby had had several ‘‘crops of boils ” 
He was well nourished, weighing 16 lbs No abnormal physical findings were noted, 
except for a reddened pharynx and a furunculosis of the scalp Temperature was lOO'" F 
A tentative diagnosis of nasopharyngitis was made The child remained on the Pediatric 
Service for four and one-half weeks, and apparently recovered from both the furunculosis 
and the nasopharyngitis However, at this time the child became irritable, and there was 
a daily rise of temperature to 103° or 104® F A diagnosis of osteom3^ehtis of the upper 
end of the left femur was made On aspiration of the left hip joint, a seropurulent exudate 
was obtained W B C 21,000 at this time, polymorphonuclear leukocytes 80 per cent 
The blood culture was positive for hemolytic Streptococci Culture from the hip joint was 
also positive for the same organism The limb was placed in traction \Mth three pounds’ 
pull Several small blood transfusions weie given Two other aspirations were done 
during a period of two and one-half weeks The temperature remained elevated with 
daily fluctuations from 101° to 104® F 

At the end of two and one-half weeks, a fluctuant area appeared over the lateral side 
of the left hip, the hip joint was incised and drained Thick pus was obtained Following 
operation, the leg was again placed in traction There was a slight drop m the dail}'' 
temperature curve One week later, a roentgenogram showed osteom3'elitis of the terminal 
phalanx of the left middle finger The finger was splinted For two weeks the condition 
of the patient remained about the same Several small transfusions were given He then 
developed bilateral, purulent otitis media, which drained spontaneously Culture from the 
ears was positive for Sheptococens hacmolyticus Following this the temperature grad- 
ually dropped to a daiL’’ level of around xoo® F , there was a gradual diminution of the 
amount of drainage from the hip joint, and the weight increased Seven weeks following 
the incision and drainage, a plaster spica was applied This was continued for five 
months On discharge from the hospital, Februar3'' 3, 1934, the wound in the hip region 
was healed and there was some motion present in the joint Unfortunate^^ the patient 
never returned to the Follow-Up Clinic 

Case 5 — Streptococcus P3^arthrosis of the Right Hip Joint P B, female, age 17 
months, was admitted, May 7, 1936, with a history of swelling of the right thigh and a 
perirectal abscess Two da3"s following admission, the perirectal abscess was drained 
Hemol3"tic Streptococci were cultured from this abscess One week later, the right hip 
was aspirated No pus was obtained However, the swelling continued and, two weeks 
later, thick, 3^ellow pus was aspirated from the right hip joint The joint was then incised 
and drained Culture of the pus obtained was positive for hemolytic Streptococci Fol- 
lowing the operation, the extreniit3 was placed in traction for two weeks A plaster hip 
spsca was then applied This treatment was continued for two months and, at the end of 
this time, the wound was healed One month later, October 21, 1936, the child was 
discharged 

Six months following discharge, there was only slight limitation of abduction of the 
hip joint All other motions were complete A roentgenogram at this tune showed 
“extensive destruction of the head of the right femur ” Two years following discharge, 
there was no loss of motion at the right hip joint However, there was 2 cm shortening 
of the e\tremit3^ 


CONCLUSIONS 

(1) ^Vhen death occuis in cases of hematogenous infections of bones or 
joints, it appeals to be due to eithei a septicemia or a pyemia, the result of 
the bactenemia and is not due to the lesions 3Mthm the bone or the joint 

( 2 ) Hemic infections due to the Stieptococcus behave differently from 
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those due to the Staphylococcus, as shown by the manifestations of both the 
bacteriemia and the local lesion 

(3) In consequence, eveiy attempt should be made to lecogmze the causa- 
tive oiganism before treatment is begun 

(4) In ti eating cases of hematogenous osteomyelitis and pyarthrosis, 
more attention should be paid to the general condition of the patient than has 
been done m the past and, before operation is undertaken upon the local 
lesion, the normal physiologic balance of the body should be established, 
through the use of intravenous saline and glucose solutions and tiansfusions 

(5) The local lesions should not be drained by incision until an abscess 
IS formed or frank pus is found to be piesent, though in cases of pyarthiosis 
the joint may be aspirated to lelieve the tension within its capsule Lesions 
due to the Staphylococcus should be drained as soon as the patient’s bodily 
condition warrants it Those due to the Sti eptococcus can be diained when a 
purulent exudate has formed 

(6) In the treatment of both acute osteomyelitis and pyaithrosis, com- 
plete immobilization of the limb with infiequent dressings of the wound 
has pioved of benefit — by preventing the spiead of infection, by avoiding 
contamination with secondary organisms and through promotion of healing 
Furthei, because of the relaxation of the suriounding muscles and the 
assurance it gives the patient of not being hurt, immobilization of the limb 
has greatly benefited the geneial moiale of the indnudual We have often 
found that the pyiexia rapidly subsides following the application of a plastei 
encasement 

(7) employing the pioceduies which have been lecommended, we 
have sho\m an impiovement in our moitality 

(8) The pyarthioses which have been treated b}'’ means of the Orr method 
have shown fai better functional results than those tieated by othei methods 

REFERENCES 

^ Ottley, Drewry The Life of John Hunter Philadelphia, Haswell, Barrington and 

Haswell, 1839 

" Starr, C L Acute Hematogenous Osteomyelitis Arch Surg , 4, 567-587, May, 1922 
^ Orr, H Winnett Osteomyelitis and Compound Fractures and Other Infected Wounds, 

Treatment by the Method of Drainage and Rest St Louis, 1929 
Fraser, John Acute Osteomyelitis Brit Med Jour, 2, 539, September 22, 1934 
® Pyrah, L N , and Pain, A B Acute Infective Osteomyelitis Brit Jour Surg , 20, 

590-601, April, 1933 

^ Robertson, D E J Bone and Joint Surg , 20, 35, January, 1938 

” Beekman, Fenwick Acute Hematogenous Osteomyelitis Annals of Surger\, 88 , 270 - 

296, August, 1928 

Idem Acute Hematogenous Osteomyelitis Bull N Y Acad Med , Second Series, 6, 

792-807, December, 1930 

Discussion —Dr Frank L Meleney (New York) I would just like 
to speak of one phase of Doctor Beckman’s paper, namely, the question of 
septicemia In most of these cases, the organism gets in thiough a portal of 
entry that is hardly noticeable and then the infection becomes established in 
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the bone The ouginal focus of distribution is not the focus from which the 
septicemia is maintained The bone focus becomes the major focus and the 
continuing septicemia is due to distribution of the oiganisms from the bone 
focus So. in cases of osteomyelitis with septicemia, the bone focus is of 
prime impoitance I agree entirely, however, that the septicemia has to be 
treated fiist, for if the distiibution is not checked, metastatic lesions soon 
develop m the internal organs — kidneys, liver, spleen or other bones 

In hemolytic Streptococcus osteomyelitis with septicemia, we now ha^e 
sulfanilamide, which can control the septicemia in most cases without, how- 
evei, clearing up the bone focus, which later has to be operated upon Foi 
the Staphylococcus aweus, on the other hand, diugs are not at present avail- 
able, although theie is some evidence that the new pyridine derivative of sul- 
fanilamide may play a part During the last few years, potent bactei lophage 
has been available foi the Staphylococcus septicemias and we have found it 
paiticulaily applicable m the cases with bone or joint involvement We be- 
lieve that Its action m septicemia is chiefly a clearing of the blood stieam 
and an inhibition of the distiibution of the organisms from the bone focus 
Bacteriophage has been in disrepute m times past and I believe that dis- 
lepute IS due to two things In the first place, to the too sanguine claims of 
d’Herelle, its chief exponent , and m the second place, to lack of potent phage 
A test foi adequate potency has been developed recently in our laboiatory 
During the last two yeais, we have been using particularly potent phage and 
our results, not only in osteomyelitis septicemias but m other cases of Sta- 
phylococcus septicemia, have been greatly improved 

Oiii 36 cases of septicemia have been divided into two gioups namely, 
the 15 earlier cases, which were tieated with phage considered potent because 
It cleaied tbe cultuie, and the 21 later cases, m which the phage had been 
subjected to the double potency test, m other woids, phage which not only 
cleaied the cultuie, but which prevented subsequent giowth when the cleaied 
cultuie was ti ansplanted on a blood agai plate 

Eight out of 36 cases of septicemia had metastases to the bones, which 
then became distributing foci Two weie in the eaily group, and both of 
these died The other six wei e in the later gi oup, and all 1 ecovei ed In one 
of the early gioup, and in thiee of the latei group, there was also joint 
involvement 

Method of Application — ^In septicemia, tbe phage is gn^en intravenously, 
diluted I 10 in saline, in gradually increasing doses — 025, o 5, i, 2, 3 and 4 
cc , at hourly mteivals the first day If there is no reaction, the dose can be 
moie lapidly inci eased by 5 cc increments every 12 hours during subsequent 
days, up to 25 cc twice a day and continued until there are two stei ile blood 
cultuies If reactions occui, the dose must be increased more slowly When 
the bone focus is opened, phage is applied directly to the lesion once 01 twice 
a day eithei on compresses or through Carrel tubes 

Siiviinaiy of Final Results — Befoie Octobei, 1936, oui mortality m 15 
cases of Staphylococcus septicemia treated with bacteriophage was 763 pei 
cent Dm mg the next two years, m 21 cases, the mortality was reduced 28 5 
pei cent The moitality foi the osteomyelitis cases was 1 educed fiom 100 to 
o pel cent A small series, to be sure, but I believe significant In the phage 
senes as a whole, the mortality was 47 per cent, vhile m a contiol series m 
previous years 81 pei cent died We believe that we will be able to reduce 
the figure still furthei if w^e can get our cases earlier and treat them wuth a 
doubl} potent phage 
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Dr Edward T Crossan (Philadelphia) Doctor Beekman and Doctoi 
Sullivan are to be congratulated on their excellent mortality figures and on 
the end-results they have presented There is no doubt that the good results 
are due to the various factors pointed out in their paper In the first place, 
adoption of its principles of delay in the operation Eighty per cent of the 
deaths in the entire series occurred in those patients operated upon within 
the first week of the disease Second, he has called to oui attention the im- 
portance of differentiation between Sti eptococcus and Staphylococcus osteo- 
myelitis The Streptococcus osteomyelitis is a comparatively mild disease, 
that IS, it IS not as serious in end-results nor in mortality figures as is the 
Staphylococcus variety Thud, Doctoi Beekman shows that conservative treat- 
ment of pyarthrosis is not only time saving and function saving, but also life 
saving 

Doctor Beekman (closing) said that m regaid to diaming the bone, he 
has drilled the metaphysis always in feai of damaging the epiphyseal cartilage 
plate and, m consequence, has found that the drill holes have been two or three 
inches awa)'^ from the point at which it was desired to drill Fortunately, it 
had not been found necessary to drill in many cases In three-quarters of the 
cases of osteomyelitis operated upon, pus has been found beneath the perios- 
teum and when this has been so, Doctoi Beekman has gone no farther If 
there is no pus found beneath the periosteum, it is usually an indication that 
the case has been opeiated upon too early In such cases Doctor Beekman 
piefers to make a small trapdoor, but without interfering with the medullary 
contents of the metaphysis 

Doctor Aleleney hi ought up the question of disti ibution of bacteiia through 
the blood stream, eithei from the portal of infection, oi fiom the bone focus 
Doctor Beekman said that he had felt more and moie, in the last few years, 
that it IS not from the bone focus, but if it is, that affords another reason why 
one should not operate too soon Foi if one does, he will certainly break 
down the body’s defense about that abscess Doctor Beekman said that, of 
course, he had tried the old type of phage It was made fiom the bacteria of 
these lesions after they had been draining for some days, weeks or months 
Robertson brings out in his obseivations that the Staph)dococcus loses its viru- 
lence very rapidly, it is an oiganism from which antitoxins or good phages 
should be made in the early pei lods, while it still retains its virulence There- 
foie, if it IS possible to reduce Staphylococcus septicemia from 8 o to 20 per 
cent, as Doctor Meleney has apparently been able to do, it is in that diiection 
that one should look m the future for impiovement m mortality 
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THE TREATMENT OF FRACTURES OF THE NECK OF THE FEMUR 

BY INTERNAL FIXATION 

John 0 Rankin, MD 

Wheeling, W Vv 

FKO\r THE DEPARTMENT OF SURGER\ OF THF WHEELING CLINIC, WHFEUNG WEST MUGINIA 

The value of any new surgical procediue cannot be estimated accuiately 
fiom a small group of cases This is especially tiue with respect to fiactuies 
of the neck of the femui Since no one authoi has leported a veiy laige 
series of cases, it is essential that each suigeon doing this woik should repoit 
his results so that a worth while analysis can be made 

Union practically never occurred m these cases piior to iQOdj when 
Whitman proposed his method of tieatment Even since then, the lesults 
m this type of fiacture have been pooiei than the results for any other 
type of fracture commonly sustained by the human body 

We find, m leviewing the reports of various clinics, that the peicentages 
of union vary fiom 38 to 65 pei cent In 1929, a committee fiom the Ameii- 
can Orthopedic Association^ reviewed repoits of the leading clinics throughout 
the countiy They found the aveiage of bony union was 504 per cent with a 
moitahty of 286 per cent Cleveland and Boswoitlr lecently reported a veiy 
interesting resume of 40 consecutive cases tieated by the closed method at 
St Luke’s Hospital m New York City The immediate moitahty was 14 
pei cent Thnty-eight per cent of the total senes obtained bony union 
Foity-six and one-half pei cent of the patients who lived obtained bony union 
The avei age age of those obtaining union was only 59 5 years The avei age 
period 111 the hospital foi those patients was 122^ days The average cost 
to the waid patient was $671 50, to the private 100m patient, $1,000 This 
did not include special nuises, 1 oentgenologic examinations, opeiatmg 100m 
charges, 01 surgeons’ fees 

Duimg the last ten yeais, theie has been a coiicentiated effort by leading 
suigeons thioughout the countiy to reduce this appalling mortality and per- 
centage of nonunion Fiom the many repoits that aie now to be found 111 the 
hteiatuie, this attempt has been highly successful Without exception, the 
method used has been some type of internal fixation 

Any intelligent discussion of this subject must be piedicated upon an undei- 
standmg of ceitain anatomic and physiologic facts The head and most of the 
neck of the femur are mtiacapsular The head receives its chief blood supply 
from blood vessels in the neck of the femur The remainder comes by cvay 
of the ligamentum teies Therefoie, the closer the fractuie is to the head, 
the poorer wall be the blood supply to the proximal fragment This is par- 
ticularly true if the ligamentum teres has been torn If one fiagment is 
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avascular or nearly so, the new bone growth must develop solely from the 
other fragment and, of necessity, this delays the union It is probably tiue 
that the presence of the joint fluid also helps delay union 

Watson-Jones^ states that the union of these fractuies is governed by the 
rules of hyperemic decalcification and ischemic i ecalcification Motion at the 
site of the fracture inci eases the hyperemic decalcification with absoiption of 
the neck and nonunion Adequate oi complete immobilization is not obtained 
by external fixation Watson-Jones furthei states that the degenerative 
atrophic arthritis which so fiequently occurs following a fractuie of the neck 
of the femur takes place because the head of the femur must revasculanze 
and regenerate by invasion of new blood vessels from the distal fragment 
The articular caitilage is less resistant and undergoes degenerative changes 
when deprived of blood foi any length of time and when exposed to the 
tiauma of early weight-bearing This unfoitunate phenomenon was demon- 
strated in one of our eaily cases of subcapital fiacture, in which we peimitted 
weight-beai mg from the first although union occurred at the site of the 
fiactuie 

Fractures of the neck of the femur must be divided into two groups The 
fiist group includes those occuiring m the neck proper or intracapsulai frac- 
tures This IS the type in which delayed or nonunion occurs The second 
group embraces tiochanteiic oi extracapsular fractuies, which practically 
always heal These cases have a iich blood supply from both ends of the 
fiagments 

In 1931, Smith-Petersen'^ perfected his method of treating fractures of 
the neck of the femur by internal fixation with a specially designed three- 
flanged nail Since that time, numerous and sundry gadgets have been devised 
to obtain similar results The same basic principle underlies all of the various 
inventions, that is an attempt to obtain absolute and continued immobilization 
and a satisfactory anatomic reduction When these two prerequisites aie 
fulfilled, the fractuie should heal as well as any other in the human body 

Originally, the internal nailing operation was confined to the intracapsular 
fractures In recent years many moie operators are using the nailing proced- 
ure for trochanteric fractures, not piimarily to obtain union, but because of 
the markedly shortened period of hospitalization, the absence of ankylosed 
knees and ankles, and the absence of the long chain of potential complications 
which may occur to an aged individual who is kept bedfast for a period of 
three or four months 

These facts were demonstrated very clearly to us by two male patients 
who were admitted to the hospital with identical fractures on the same day 
They were both in good health and of approximately the same age One was 
a farmer and the othei a business man The faimer was treated by the 
usual methods which required his being in bed in the hospital for a period of 
three months, followed by an additional period of three weeks in which he 
was becoming ambulatory on dutches At one time, while he was in the 
hospital, the skin was broken by skin traction requiring some special surgical 
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care At another time, he developed an atelectasis and was quite sick for 
several days He had a great deal of difficulty in sleeping and was piett}’’ \\ell 
worn out when his period of immobilization ^as over Added to his dis- 
ability was a stiff knee and ankle with the usual sv ellmg of the extremity when 
on his feet Bony union occuiied at the end of three months with the frag- 
ments 111 good position It vas nine months from the time of his fracture 
before he was really back to normal and able to cairy out his duties on the 
farm 

The other patient, the business man, had heard about internal fixation and 
requested that we cany out this procedure m his case His operation was 
not attended with any difficulties He was in a vheel chair within a veek 
and was able to handle himself well on crutches at the end of two ^\eeks at 
which time he was discharged from the hospital He was back in his office 
at the end of thiee or four weeks from the time of his accident This man 
continued to look after his business affairs during the entire peiiod of his 
convalescence At the end of thiee months he was in excellent physical 
condition and had maintained Ins normal weight There was no stiffness of 
the knee or ankle and no swelling of the lower exti emity He obtained union 
m three months as did the man who was kept hospitalized 

Comparing these two cases, it is obvious that the opeiative method is the 
procedure of choice The fii st man was hospitalized for almost four months , 
he was faced with a laige hospital bill, was considerably under pai from 
his experiences m the hospital , and it was nine months befoi e he could resume 
his noimal activities The second man was m the hospital thiee weeks and 
was away fiom his duties at his office for only one month Since that time 
we have operated upon all trochanteric fractures routinely 

Tiochantenc fiactures lequire the obseivation of ceitam impoitant de- 
tails We consider the Moore nails best adapted to this vork because of the 
lessened danger of fiactuimg the remaining shaft of the femur Furtheimoie, 
the nails must be inseited at a slightly loner level than nould be desiiable 
foi an mtracapsular fiacture This is done to obtain a more solid attachment 
for the nails in the distal fiagment There is less likelihood of having the 
nails bend oi pull out There is also less shearing force on the nails from 
weight 01 muscle pull In many cases the fractuie extends through the shaft 
to the outei side of the trochanter so that in ordei to get into the distal fiag- 
ment one may have to inseit the nail as much as two oi two and one-quarter 
inches belon the base of the trochantei We have found it advisable to drill 
the openings for the Moore nails with an ordinary bone drill which is slightly 
smaller than the nail itself This procedure greatly facilitates the insertion 
of the nails 

P; copei ative Cai c — ^When the patient comes to the hospital he is placed 
m an ordinary bed. and a Buck’s extension is applied to the broken limb with 
about ten pounds of traction Sand bags are placed on eithei side to prevent 
movement and external lotation Small doses of morphine are gnen for pain 
mtiaAenous glucose and blood transfusions are gnen until the patient’s blood 
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count IS normal, and his noimal watei balance established The operative 
procedure is not attempted until the patient is eating normally and taking 
sufficient fluids by mouth foi his normal i equirements In other words, the 
patient must be retuined, as neaily as possible, to his normal condition prior 
to the accident before the opeiation is attempted In our expeiience this will 
lequire from seven to ten days, and m some cases even a few days longer 
If immediate operation is carried out, unquestionably there will be an un- 
necessarily high moitahty ci edited to the procedure 

Opeiative Techmc — The skin is prepared the night befoie the operation 
and steiile dressings applied A mild sedative is administered the morning 
of the opeiation The patient is transposed to the operating room in his 
bed A low spinal anesthesia is administered He is then lifted to the operat- 
ing table and the fractuie i educed by the Leadbetter^ technic Both feet 
are attached to the foot pieces of the Albee table Both legs are brought out 
to about 30° abduction and the affected limb placed m full internal rotation 
Anteioposterior and lateial i oentgenograms aie taken with a portable unit 
While these are being developed, the patient is draped and a lateral incision 
is made which exposes the trochantei and the pioximal end of the shaft 
If the roentgenogi ams show the fiagments are in good position (which is 
usually the case ) , we ai e i eady to pi oceed with the fii st part of the operation 
We do not feel that any elaboiate apparatus is necessary foi finding the head 
of the bone A towel clamp is placed over Poupait’s ligament midway be- 
tween the S3miphysis pubis and the anteiioi supeiior spine This will be 
appi oximately ovei the head of the femur 

In those cases m which the Smith-Petersen nail is used, foui oi five Kirsch- 
nei wiies aie drilled into the head of the femur These enter at vaiious levels 
This IS done for two pui poses First, to make new openings into the head of 
the femui foi additional blood supply , and second, we desire to pick the wire 
that IS best situated foi the insertion of oui nail After this has been accom- 
plished, a steiile sheet is placed ovei the patient and opeiative field Roent- 
genograms aie taken again in both anteroposteiioi and lateial views Needless 
to say, the close coopeiation of the personnel of the Roentgenologic Depart- 
ment is highly desiiable The best wne is chosen and the otheis exti acted, 
so that they will not mterfeie with the entiance of the nail On a few oc- 
casions we have had difficulty with the nail wandering as it was thi eaded over 
the guide wne This lesults in a bent wire which offers consideiable 
difficulty on extraction To combat this, we simply insert the nail beside the 
wire Occasionally, difficulty will be encountered by the projecting portion 
of the guide wire being deflected by the hammer To coriect this, we drill 
an additional wire about one-half inch away but on the same plane and use 
this as an additional guide 

The surgeon who is attempting this operation foi the first time should 
be wained that the roentgenogi ams magnify the actual distance from the 
shaft to the head of the femur There aie many unique methods devised to 
estimate this discrepancy In our experience, the actual distance is about 
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8o per cent of the measurement on the film Probably the easiest way to 
calculate tins is to estimate it from the nire nhich is being used as a guide 
The length of the wire is known We measuie the amount that pi oti tides and 
then knowing the length of the lemainder estimate the length of nail necessan 
If the nail enteis the acetabulum, it should be pulled back into the head to 
avoid peimanent damage to the joint 

Aftei the nail is inserted, the Kiischnei wiie is exti acted and the nail 
driven in tight so that the fiagments aie impacted A steiile sheet is again 
thrown ovei the patient and fuither roentgenogi ams taken so that ve can be 
certain that our nail is m pioper position and the fiactuie properly i educed 
As soon as this is ascertained, the wound is closed 

As an opeiatoi gams expeiience, the proceduie becomes quite simple 
With the foot 111 full internal lotation the neck of the femur is m the hori- 
zontal plane A towel clamp is placed midwa}' between the anterioi supeiioi 
spine and the symphysis pubis This gives the appioximate location of the 
head If the nail is started an inch to one and one-half inches below the base 
of the tiochantei at an angle of 45° vith the shaft, directing the point towaid 
the towel clamp and on a hoiizontal plane, the nail will cntei the head m 
the majority of cases 

We have found in an occasional case 111 which it was necessaiy to expose 
the joint and the fiacture line, that the following incision gives an excellent 
exposuie 

The usual lateial incision is extended fiom the trochantei for a distance 
of about thiee inches upw^ards and m front of the anterioi superior spine of 
the ilium The muscle fibeis attached to the anteiioi base of the trochanter 
and the upper tw’O inches of the shaft are cut and retracted The capsule then 
comes into view' A shoit transverse incision is made in the base of this 
A second one is made fiom the base to the acetabulum 111 the longitudinal 
plane The wdiole neck, fiacture line and head of the femur wull then be 
exposed The fractuie can then be accurately reduced and fixed wuth the 
nail by direct vision 

Precautions to Avoid Shock — The obseivation of a few' simple rules 
should obviate practically all symptoms of shock during the opeiative pio- 
cedure Because of the necessity of consideiable delay m the taking and 
developing of the roentgenograms, the operation must, of necessity, consume 
111 the neighboihood of one houi’s time A general anesthesia of this duiation 
111 an aged individual is not desirable Local anesthesia, even m the best 
hands, w'lll be accompanied by a certain amount of pain In our experience 
a low' spinal anesthesia is the one of choice It is not painful to administer, 
the anesthesia is complete, and can be used ovei a prolonged period of time 
without adding to the moibidity Intiavenous 5 pei cent glucose is started 
immediately after the patient is placed upon the opeiating table The patient 
IS w'rapped 111 w'ann blankets not only on the trunk but on the unaffected 
limb and from the knee dow'ii on the affected limb Over the blankets are 
placed hot water bottles which are retained m position b} bandages In 
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this way we can conseive the patient’s body heat, the dissipation of Avhich 
we feel contributes consideiably to the production of shock If theie is a 
marked fall in blood piessuie, adrenalin oi epinephiine is given hypodeimati- 
cally Considerable care is exeicised to insuie the loss of as little blood as 
possible The wound is nevei left exposed during the waiting periods foi the 
developing of the i oentgenograms, hot saline packs being placed in the depths 
of the wound It has been our expeiience that if these piecautions are taken, 
theie will be piactically no shock whatevei regaidless of the patient’s age 
In the majority of cases the patient will sleep peacefully through the opera- 
tion and will have to he awakened to be advised that the operation has been 
completed 

Postopoatwe Cme — At the teimination of the opeiation, the patient is 
placed in a wai m bed with a sand bag on eithei side of the leg oi with a short 
board nailed to a shoe or bedroom slippei to hold the foot erect and prevent 
external rotation He is encouraged to take water and food as though nothing 
had happened The next day the patient is piopped up in a sitting position 
in bed In the next day or two he is placed in a wheel chair As soon aftei 
this as he is strong enough he is given crutches and walking is staited We 
find that in the average case this will be a week or ten days from the time of 
the opeiation The patient is then leady to be discharged from the hospital 
unless theie is some other complication lequning further hospitalization 

The Question of Weight-Beanng — The first thiee or foui of our early 
cases were peimitted weight-bearing before union had occurred One of 
these cases had some degenerative aithritis around the head Another case 
was one in which the patient wore a plaster encasement for three months be- 
cause the pm extended into the acetabulum Aftei the second pm was placed 
in the hip she was permitted weight-bearing This may have had something 
to do with the nonunion Since the first few cases, it has been our lule 
never to allow weight-bearing until solid union can be demonstrated roent- 
genologically By this we mean that bony tiabeculations must be seen ti avers- 
ing the fractuie line This usually lequires from four months to a )'’eai We 
believe that this is one of the principal causes foi nonunion and arthritis The 
patient is permitted normal motion of the knee and ankle within the fiist week 
after the operation Full range of motion m the hip is not encouraged foi about 
six weeks It is probable that the majority of the patients move the extremity 
through the normal range of motion within the fiist few weeks Apparently 
it does no harm as the flanged nail prevents lotation of the head on the neck 

The Use of E-iteinal Fi.\atwn oi Plastei Spicas — We use absolutely 
no type of external flxation plaster spicas in the intracapsular fractures 
Apparentl3q the pin gives all the support that is necessaiy In tiochanteric 
fractures, unless the fracture line is close to the base of the neck, we feel 
that it IS possibly a little safei to use a short hip spica for about six weeks 
because of the danger of the head of the nail oi Moore pins being pulled 
thiough the thin shaft In oui series, there was only one exception to 
this rule This w^as in a man, age 83, who left the hospital ten days from the 
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time of opeiation with the promise that lie would do nothing more than sit 
m a \\heel chan foi a period of six to eight weeks His famih physician 
wTote me about eight w'eeks later stating that the patient had been walking 
without a cane oi a ciutch from the fourth w^eek At the end of five months, 
he fell dowm a long flight of cellar steps, badly bruising himself Roentgeno- 
grams taken of the hip revealed it m perfect position and perfectly healed 
Apparently the wares had not even bent wnth his w^alking at the end of a 
month’s time 

Indications foi Opeiation — We feel that we are justified in operating 
upon any patient wdiom w'e believe wall live a month or six w'eeks from the 
time of opeiation, if for no othei reason than to relieve him of his pain We 
lieheve that any patient wdio has surMved the oiigmal shock of his injury 
and has impioved to the point that he is taking fluids freely and is eating 
normally, wall suivive the opeiation wathout mortality, barring unpredictable 
accidents or complications In our series w^e operated upon all cases that we 
saw, the ages varying from 39 to 95 

Advantages of Internal Fi.xation — In reviewang the literature, w^e found 
that the moitality for any of the closed methods varied from 15 to 40 
pel cent The average mortality for internal fixation was less than lo per cent 
The highest peicentage of union reported by the closed method was 65 pei 
cent, the majority being 50 pei cent or less The average percentage of union 
by internal fixation w^as above 80 wath many over 90 The period of hospitali- 
zation IS veiy materially decreased, thereby markedly decreasing the cost of 
hospitalization When the closed method is used, a large percentage of aged 
patients develop senile dementia or other cerebral changes There is mucli 
less danger of this complication wdien early discharge from the hospital is 
made possible by the use of internal fixation A very important factor is 
the complete cessation of pain followang the operation 

The Question of Removal of the Nails Aftci Union Has Occmied — 
We feel that after union occurs in young individuals, the nail should be 
removed To date, w'^e have removed only twm, and in both cases the nails 
still fitted snugly m their grooves Roentgenologically, no changes could be 
seen, and both had been in ovei a year In the older individuals, particularly 
those past 75, unless the nail gives trouble, w^e do not think it is necessary to 
remove it With the de\elopment of Venable or “vitalhum” nails, wdnch theo- 
retically cause no electrolysis or change in the bone, it may be unnecessary to 
lemove them at any age We shall be able to reach a definite conclusion 
only aftei watching these cases over a long period of time 

IMPORTANT POINTS IN THE TREATMENT OF FRACTURE OF THE NECK 
OF THE FEMUR BY INTERNAL FIXATION 

(i) Operation should not be undertaken for at least seven to ten days 
after the time of the accident or until normal phj'siologic functions have been 
1 estoi ed 
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(2) A minimum degiee of anesthesia should be used We prefei a low 
spinal 

(3) The fiactuie is 1 educed by the Leadbettei technic 

(4) Intiavenous glucose should be admmisteied during the operation and 
the patient wrapped with blankets and hot water bags to prevent loss of 
body heat 

(5) The nail should be placed one inch below the base of the trochanter 
and enter well into the head 

(6) Both lateial and antei oposierioi i oentgenograins should be taken 
during and aftei the operation 

(7) The patient should be encouraged to be ambulatory on crutches as 
soon as possible 

(8) Theie should be absolutely no weight-bearing until solid union is 
demonsti ated roentgenologically 


APPRAISAL or THIS SERIES Or 25 CASES 

The age incidence leaned from 39 to 95, the inajoiity of the patients 
being past the age of 70 Seventeen weie mti acapsulai fractures and eight 
tiochantenc The first case was operated m January, 1936 All cases have 
been followed since the time of operation The end-results are known All 

of the cases of trochanteric fiactures have healed 
Of the intracapsular fractuies, two patients have 
died, one from hemiplegia five months after the 
operation Until the time of hei death she was 
getting along very nicely on crutches and was ap- 
parently obtaining union The second died six 
months after operation fiom cardiovascular disease 
He had no pain, had normal range of motion, but 
had been bedridden for two months before his 
death because of his terminal diseases There has 
been one death in the trochantenc fractures This 
patient died of apoplexy five months after -opera- 
tion Union was complete, as shown roentgen- 
ologically SIX weeks before her death 

This, then, leaves 15 cases of mti acapsulai frac- 
tuie which have lived Two of the 15 cases have 
not had satisfactoiy lesults The first developed 
nonunion and sequesti ation of the head This was the case in which the 
nail entered the acetabulum The patient was immobilized 111 a plaster spica 
foi thiee months, at which time the nail was lemoved and another shorter 
nail inserted Weight-bearing was permitted at this tune The neck has 
gradually absorbed, the nail is eroding up through the head into the acetabulum 
The patient is still walking aiound but has some pain Further surgical 
treatment will be necessary 

The second case was a subcapital fiactuie with a rather marked com- 
minution of the neck with pieces of loose bone between the two mam frag- 
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ments At the original opeiation it w&s impossible to obtain a satisfactor\ 
reduction At the tune the operation was completed, an anteioposterioi view 
sbow'ed the pm m good position but the lateial w'as not cleai The wound 
w'as closed and a loentgenogram the next day ie\ealed the fact that the pm 
caught only a little of the posterioi poition of the head and that the head 



/ 


Fig 2 — Case 8 After the 
second operation 


Fig 3 — Cnse S The neck is 
mosth ibsoihed 


Fig 4 — Cnse 8 \ftcr the Co 
lonm operation 




Fig t "Case 2 Suhcer\ical frac Fig 6 — Case 9 Suhcapital frac Fig 7 — Case 15 Suhcapit d 
ture healed ture healed fracture healed 


Itself had rotated Unquestionably, the ligamentum teies was torn in this 
case Ten days latei a second operation w'as peifoimed, with wide exposuie 
of the joint and e\en then a nail could not be satisfactoi ily placed so as 
to I educe the fragments, there being a short distance of gaping between the 
two We behe\e this would ha\c been an ideal case foi a bone giaft Set- 
eral months later the patient de\ eloped an aseptic inguinal abscess which was 
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drained Still later, a septic infection developed in the sinus tract which 
extended into the joint The neck was gradually absorbed and the head be- 
came a sequestrum This necessitated the removal of the nail and the seques- 
trated head, with the performance of a Colonna reconstruction operation to 
obtain a stable hip The patient was kept in a plaster spica for a period of 
foui weeks At the present time he has about normal flexion and extension, 
but no abduction There is three-foui tbs of an inch shortening There is 
piactically no pain He has an excellent result 

Reviewing these cases, I believe that Case i, m which the nail entered the 
acetabulum, was an example of a severed hgamentum teres Case 13, in 
which we used a bone graft, had a severed hgamentum teies Also, in Case 
8, desciibed in the preceding paragraph, the hgamentum teres was severed 
In a fouith case, recently operated upon but not included in this series, the 
hgamentum teres was severed All of these had subcapital fractures They 
accounted for the two cases of nonunion in this senes, and unquestionably 
would have accounted foi the third if a bone graft had not been used The 
patient just recently operated upon had a bone giaft used for fixation A 
surgeon should suspect that the hgamentum teres is severed in any case of 
subcapital fiactuie m which the head tends to lotate when a pin is mtioduced 
While we have only had this experience in a few cases, I believe that it is 
wise to use a bone giaft instead of metal fixation when theie is a suspicion 
that the hgamentum teres is severed 

Summarizing the results obtained in the 25 cases of this senes we note 
that theie have been eight trochanteric and 17 intracapsular fractuies One 
of the trochanteiic fiactuies died five months aftei opeiation, but union had 
aheady occuried Two of the intracapsulai fractures died after a five-month 
peiiod but before union had occurred Two cases had nonunion with a dead 
head The lemaining 13 have solid bony union All of the trochanteiic 
fractui es obtained union Since we ai e not attempting to improve our 1 esults 
as far as union is concerned in the trochanteric fiactuies, we will only consider 
the intracapsular fractuies Out of the 17 intracapsulai fractuies, solid bony 
union was obtained in 76 pei cent of all the cases If the tuo patients who 
died after a five-month period are eliminated, bony union occurred in 866 
per cent of the lemaindei There weie no cases of opeiative infection Theie 
was one case in which an aseptic abscess developed several months after the 
operation which, in turn, was infected through the sinus tract There was 
no opeiative mortality The closest death to the time of operation was five 
months Of the 25 cases, 22 aie still living 

Sfafisftcs of Ofhei Autliois — Watson-Jones** leports a series of 64 cases 
His first series was composed of 29 cases with 79 per cent bony union The 
next group was composed of 35 cases with a 91 pei cent bony union The 
total operative mortality was 6 per cent 

Willis Campbell® repoits a senes of 35 cases, 19 of which had been iindei 
observation long enough to determine the end-i esults All of these obtained 
bony union Only two of these showed any late changes in the head 
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Table I 


SYNOPSIS or 25 FRACTURES OF THE NECK OF THE FEMUR TREATED B\ INTERNAL FIXATION 









Time 





Date of 

Penod of 



Required 





Hospitali- 

Type of 

Type of 

for Bony 


Sex 

A?re 

Operation 

zation 

Fracture 

Fixation 

Union 

End-Results 

I 

r 

52 


1 3 days 

Subcapital 

Smith- 

Nonunion 

^alks with nail giv- 






Petersen 


ing support Some 







nail 


shortening and pain 

2 

P 

78 

2- 6-36 

32 days 

Subcervical 

Smith- 

8 mos 

No pain or shortening 







Petersen 

nail 



3 

F 

76 

3 ~ 4-36 

22 da> s 

Subcapital 

Smith- 

6 mos 

Slight shortening and 






Petersen 


some arthntis Very 


F 





nai! 


little pam 

4 

82 

6-16-36 

50 days 

Subcapital 

Smith- 

Died 5 mos later %\ ith stroke Had 






Petersen 

been walking on crutches Recent 







nail 

roentgenograms had not been 








taken to 

determine amount of 


M 






union Had no symptoms 

5 

81 

8-10-36 

24 days 

Midcervical 

Smith- 

7 mos 

No pain or shortening 






Petersen 

nail 




6 

r 

79 

9-29-36 

45 days 

Subcapital 

Smith- 

6 mos 

No pain or shortening 





comminuted 

Petersen 

nail 




7 

M 

43 

2- 4-37 

45 days 

Subcapital 

Smith- 

Petersen 

nail 

4 mos 

No pain or shortening 

8 

M 

39 

2-26-37 

60 days 

Subcapital 

Smith- 

Nonunion 

Developed aseptic ab- 







Petersen 

scess several months after opera- 







nail 

tion Infection later de\ eloped m 
Sinus tract Colonna operation 








eventually 

result 

7 mos 

performed, with good 

9 

r 

F 

49 

3 - 23-37 

40 days 

Subcapital 

Smith- 

Petersen 

nail 

No pain or shortening 


10 

68 

5-27-37 

54 days 

Subcapital 

Smith- 

Petersen 

nail 

14 mos 

No pain or shortening 

M 

ir 

80 

6-23-37 

26 days 

Subcapital 

Smith- 

Died 5 mos 

later with cardiorenal 






Petersen 

disease Results unknown 


M 





nail 



12 

58 

8-27-37 

14 days 

Inter- 

Smith- 

3 mos 

No pam or shortening 






trochanteric 

Petersen 

nail 



13 

r 

54 

20 - 20-37 

22 days 

Subcapital 

Bone 

6 mos 

No shortening 


M 




comminuted 

graft 


14 

74 

12- 6-37 

60 da> s 

Inter- 

Smith- 

3 mos 

No pain or shortening 






trochanteric 

Petersen 

nail 



15 

r 

72 

22-13-37 

30 days 

Subcapital 

Smith- 

5 mos 

No pam or shortening 

16 

F 





Petersen 

nail 



95 

1-12-38 

18 days 

Trochanteric 

Steel 

4 mos 

Slight bowing, very 







nails 


httle pain Died s 









mos after operation 
with stroke 

17 

F 

60 

1-17-38 

20 days 

Trochanteric 

Moore 

7 mos 

No pam or shortening 


M 





nails 


18 

‘>2 

1-24-38 

6 da vs 

Trochantenc 

Moore 

6 mos 

This fracture was 







nails 


about 3 mos old 
when seen with no 
union Slight short- 
ening Now solid 

19 

r 

75 

2- 2-38 

16 days 

Subcapital 

Smith- 

Petersen 

S mos 

union 

No pam or shortening 


F 





nail 



20 

78 

3 - 7“38 
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Smith- 

Petersen 

4 mos 

No pain or shortening 


Ar 





nail 



21 

S 3 

4- 2-38 

12 days 

Trochanteric 

Moore 

nails 

4 mos 

No pain or shortening 

22 

AI 

45 

5-2S-38 

12 days 

Trochanteric 

Moore 

3 mos 

No pam or shortening 







nails 


23 

r 

60 

6- 9-38 

11 dajs 

Midcer\ical 

Smith- 

Petersen 

4 mos 

No pam or shortening 







nail 



24 

r 

82 

7 - S ~38 

23 days 

Subcer\ ical 

Smith- 

Petersen 

3 mos 

No pam or shortening 







nail 



25 

r 

42 

0-28-38 

16 dajs 

Trochantenc 

Moore 

Patient is 

walking on crutches 







nails 

Union IS practically complete 
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James Dickson” lepoits a senes of i8 cases Twelve of these cases had 
been opeiatecl upon long enough to see end-results, all of which obtained 
bony union The othei six were healing satisfactorily 

Hendeison® repoits a series of 14 patients with an 86 per cent bony union 
and no moitahties 

Mooie” lepoits 25 cases of inti acapsular fractuies in which sufficient time 
had elapsed to make a definite end-result study Only one failed to obtain 
bony union In other woids, there was a 96 per cent successful end-result 
Theie were no deaths attributable to the operation 

R I Hairis'^" repoits 50 cases of mtracapsular fiacture of the neck of the 
femur tieated by internal fixation, the Smith-Petersen nail being used in all 
of the patients Bony union was obtained in 76 per cent of the cases Five 
patients died, giving a moitahty of 10 pei cent There was an 80 per cent 
bony union m the suivivmg j^atients 

Plummer^^ lepoited 33 cases of mtiacapsulai fractuie Only two patients 
died within the ten-day postopei ative period While he does not give a pei- 
centage of bony union, one gatheis from his leport that his expeiiences have 
been highly successful 

CONCLUSIONS 

(1) A review of the literatuie leveals that the treatment of fractures of 
the neck of the femui by closed methods does not give satisfactoiy results 

(2) The use of internal fixation foi fiactures of the neck of the femur 
IS a safe procedure It deci eases the financial strain on the patient, lessens 
the period of hospitalization, lowers the moitahty and veiy definitely improves 
the end-results 
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BRIEF COMMUNICATIONS 
AND CASE REPORTS 

JACKSON-GALLAGHER DEPTH GAUGE 

James A Jackson, MD 

SECTION or StJRGERl, JACKSON CLINIC 

Madison, 

In the open reduction and plating of fractuies of the shaft of a long bone 
tiansfixion screws are often required, especially is this tiue when the shaft 
of the femur is plated To obtain the correct length of the screws to be used, 
/ e , one that w ill contact and fix both cortices of the 
bone, It has been customary to use a micrometer or 
caliper The same applies wdierever transfixion 
screws are used in bone work This is a cumber- 
some and tedious procedure and due to the variable 
thicknesses of the bone and the different angles at 
which the screws are inserted, is not an accurate 
method 

Surgeons are often surprised to find on examin- 
ing postoperative roentgenograms that the screws 
used w ere frequently either too long or too short To 
obMate this difficult} we have devised a simple in- 
strument that w e term a depth gauge 

The accompanying illustration is almost self-ex- 
planatory The instrument consists of a shaft of stiff 
wire with a small crochet hook on the low^er end 
On the shaft is a sliding metal cylinder wnth a set 
screw' 

To determine the exact length of the screw to be 
used, the w ire is passed completely through the drilled 
hole in the bone and then pulled back until the crochet 
hook lodges against the opposite cortex The sleeve 
is now' dropped against the bone and the set screw' 
locked The instrument is then w'lthdrawTi and the distance from the end of 
the slee\e to the crochet hook gnes the exact length of screw* required for 
that particular hole When using a plate one must allow for its thickness 
In using self-tapping screw s it is w'ell to allow' for the tapered end of the screw' 

We wish to express our appreciation to Mr Ted Larson of the V Mueller Companj 
of Chicago for his cooperation in making this instrument 

Submitted for publication Juh 26, 1939 
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WATERMELON SEED IN GALLBLADDER 
Ivan E Wallin, ScD 

Denver, Colo 

FROM THE U'^I^ER^ITl OF COLORADO SCHOOL OF MEDICINE DENIER, COLO 

The number of recorded cases of foreign bodies in the gallbladder is com- 
paratively small Toland,^ in 1933, reported a case of common duct obstruc- 
tion which, at operation, revealed a bolus of cotton gauze impregnated with 
bile, bile salts and fibrin The cotton gauze had been left in the gallbladder at 
a former operation by a different surgeon Toland reviews the literature and 
lists the types of foreign bodies that have been reported to have been found in 
the biliary tract, including such objects as a rifle bullet, seeds, worms, steel 
needles, piece of wire, swabs, rubber drain tube and handle of a spoon 

The case herewith reported is from a cadaver in the Anatomic Laboratory 
and the foreign body was discovered by two medical students, J S Arnold 
and J H McVickei The department records on this cadaver are v^ery 
meager The body was sent to the Anatomic Board from a private mortuary 
and it has not been possible to obtain any information regarding either the 
medical diagnosis or treatment before death The death certificate gives the 
following information 

Case Report — Negro, female, age 65 Died August 28, 1936 Cause of Death 
“Chronic myocarditis, senility ” 

Autopsy Findings — Dissection of body was begun, September 26, 1938 The cadaver 
was exceedingly obese The skin was intact on all parts of the body with the exception 
of the thigh where incision had been made for embalming There was no scar indicating 
any surgical procedure during life On opening the gallbladder, a well preserved water- 
melon seed was found in it together with some five or six gallstones of various sizes 
There were no adhesions of the gallbladder to any part of the stomach or intestines, indi- 
cating any possible previous ulcer The common bile duct measured 12 Mm in diameter 
in the flattened state The ampulla of Vater was very prominent It extended into the 
caMty of the duodenum as a conical papilla of about 10 to 12 Mm m height (it was not 
measured) Two prominent folds of mucous membrane extended from the summit of the 
ampulla distally The gallstones were examined chemically by Mr McVicker and were 
found to consist of cholesterol and ergosterol 

Discussion — -The significance of the possibility of foieign bodies migrating 
fiom the duodenum to the gallbladder, m the etiology of gallbladder disease, 
is immediately apparent It has generally been held that foreign bodies do not 
pass from the duodenum to the gallbladdei Toland sa3'^s “It is logical to 
assume needles and other sharp objects that have been swallowed and reached 
the pylorus might migrate by direct contiguity into the gallbladder The 
curious circumstances that lead to such migration are difficult to visualize 
Inanimate foreign bodies in the gallbladder can hardl}'’ be explained on the 
basis of retrograde migration from the duodenum throu gh the ampulla of 

Submitted for publication February 21, 1939 
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Vater, but the motile louiid ^^olm could easily leach the gall])laddei by this 
1 oute ” 

The inipoitance of ascending biliaiy infection in the etiology of gallbladder 
infection has been lecognized in standaid text-books Babcock,- in his Text- 
Book of Suigeiy, says “The bacteiia entei the ampulla of Vatei, passing 
thiough the common and cystic ducts into the gallbladdei This piocess may 
be aided by the le^else cinients desciibed by Bond, who found that caimin 
introduced into the lectum would ascend and pass out through a gallbladdei 
fistula 

yiie actual passage of duodenal contents into the biliaiy system has been 
recoided by a numbei of authois Such a leflux of duodenal contents, ap- 
paiently, Mas fiist noted, clinically, by Codman,^ m 1908 McAithui,'^ in 
1923, leported a case ot leflux of baiium into the common bile duct Davis.”’ 
m 1929, lepoited foiii cases of duodenal leflux Walteis and Mai shall,*’ m 
1930, leported foui cases in uhicli pancieatic enzymes ivere lecoveied fiom 
drainage tubes in the biliaiy system They also found that methylene blue 
given b} mouth appealed m the drainage mateiial Bernard,’^ 111 i934> re- 
ported eight cases of duodenal lefltix This occuried in patients after chole- 
dochoduodenostomy, choledochotomy and cholecystectomy The leflux Avas 
demonstiated 1 oentgenologically aftei a barium meal In some cases the 
barium extended into the smallei ladicals of the hepatic ducts 

Reflux of duodenal contents has also been demonstiated by animal ex- 
perimentation Higgins and Mann,'' m 1926, u'-oiking on the bile expulsion 
mechanism m guinea-pigs, repoited that poitions of test meals injected into 
the duodenum pass diiectl) into the common bile duct The following yeai, 
Burget and Bi ocklehui st** were not able to foice duodenal contents into the 
intact ampulla of the guinea-pig These authois 1 einvestigated the anatomy of 
the biliary tiact m the gumea-pig and desciibe a “contiactile ampulla which 
opens into the duodenum ” This stiuctuie is apparently peculiar to the 
guinea-pig 

More recently, Auei and SeageH" have investigated the problem of le- 
flux of duodenal contents into the biliaiy system of the gumea-pig In 23 
out of 26 guinea-pigs, they weie successful in foicing an 01 dilute India ink 
into the gallbladder and biliary passages The effective duodenal piessures 
necessaiy foi duodenal leflux ranged between 10 and 20 Mm Hg 

Another type of reflux into the biiiaiy system has been investigated, 
especially by Wolfei n. 12 j^^i, he leported on the lesults of experiments 

of introducing pancreatic juice into the gallbladder of dogs In 1937, he re- 
ported a case of pancieatic juice leflux into the gallbladder of a patient and 
reviewed the literatuie on this type of leflux into the biliaiy system As 
stated by Wolfei, this type of leflux is perhaps dependent upon total or partial 
obstruction of the ampulla of Vatei and especially 111 such cases where the 
pancreatic duct and the common bile duct join to have a common opening into 
the duodenum 
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A few references in the liteiature to “duodenal reflux” deal with duo- 
denal leguigitation into the stomach It is suggested that the term “duodenal 
leflux” he limited to a passage of duodenal contents into the biliary system 
Thei e seems to be no other explanation foi the presence of the watei melon 
seed 111 the gallbladder than that it passed by way of the ampulla of Vatei and 
the common duct Fiom the appeal ance ot the seed, together with the season 
and the obseivation of a gieat quantity of seeds in the large intestine, its so- 
journ m the gallbladdei had probably been of only a few days’ duration before 
death 

In the list of foieign bodies given by Toland, the majoiity of the foreign 
bodies lepresent accidental inclusions lesulting fiom suigical procedures 
Meitens^^ (1898) repoited two instances of worms (Ascaris lumbncoides) 
wdiich had undoubtedly entered by w^ay of the ampulla of Vater Although 
various authors mention cheriy stones and seeds as having been found m the 
gallbladder, I have been unable to locate the original reports of any such ob- 
seivations Mertens and Deaver,^"* referred to by Toland, make no mention 
of seeds in the gallbladdei 

The presence of seeds m the gallbladder could haidly be accounted for 
by any other loute than the ampulla of Vatei and the common duct, unless, 
as has been suggested, by a ruptuie of an ulcer of the stomach which w^as 
adherent to the gallbladder As stated above, theie was no evidence of any 
such pathology m the case here lepoited 
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TUBERCULOSIS OF THE LATERAL LUMBAR 
VERTEBRAL MASS 

OPERATIVE CURE 

Archibald R Judd, M D 
Philadelputv, Pv 

Tuberculous osteomyelitis of the lateial lumbai veitebral mass of any 
of the veitebia without simultaneous involvement of the coiiespondnig body 
has, as far as we can ascertain, not yet been leported in the literatuie 

The following case was encounteied while the patient was undei treatment 
foi tubeiculous osteomyelitis of the thoiacic vail and foi tubeiculous lymph- 
adenitis of the ceivical region (postoperative) We believe this case is one 
of unusual interest m that the site of the spinal infection is a rare one, and 
also that the lateral poitions of the nbs aie not frequently the source of 
abscess of the chest wall (Alexandei^, and Can and Alexander-) 

Case Report — C D , Fihpino, male, age 34, was admitted to the New Jersey Sana- 
torium, Glen Gardner, N J , July 20, 1936, with a diagnosis of minimal pulmonary 
tuberculosis The lesion was discovered during a routine examination of food handlers 
He had had a right cervical adenectom} perfoimed in August, 1935, for ulcerative adenitis 
The wound had faded to heal completely He was asymptomatic except for a 24-pound 
weight-loss since November, 1935 (eight months) Incidental!}^, he gave no history rela- 
tive to the draining sinuses located in the axillary region over approximately the eighth 
nb, which were discovered during physical examination Inquiry, however, showed that 
the onset had been gradual, commencing about November, 1935 

Physical Examination — The patient appeared chronically ill, and decidedly under- 
weight There was a senes of draining sinuses extending from about 4 cm below the 
mastoid process on the right to approximately 6 cm above the clavicle, and 2 cm pos- 
teriorly from the lateral border oi the sternocleidomastoid muscle These had the ap- 
pearance of tuberculous sinuses There was also a cluster, one large and several small, 
of sinuses located over the seventh and eighth intercostal spaces and the eighth nb in 
the axillary region on the right side The surrounding area was raised, but no tenderness 
could be elicited Cheesy material was expressed in considerable quantities upon mod- 
erate pressure The impression was gained that more than one nb was involved The 
regional bniph nodes were considerably enlarged but not tender The examination of 
heart, lungs, abdomen, etc , was negative 

Lahoiafoiy Data — Sputum and urine were negative for acid-fast bacilli Blood and 
urine were normal Roentgenologic examination of the chest showed an old fibrous, 
minimal lesion in the apex of the left lung as well as destruction of the eighth nb m 
the axillary line with an accompanying soft tissue swelling and a localized area of density 

Submitted for publication September 30, 1938 
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resembling fluid, protruding into the pleuial space immediately subjacent to the involved 
rib 

The patient was first placed upon routine sanatorium regimen for a period of about 
two weeks He was then referred to the Surgical Seivice The complete operation was 
divided into two stages because the process was fai more extensive than appeared upon 
first examwation Careful piobiiig of the sinu^jes revealed nbs 6, 7, 8, and 9 to be involved 

Opciaiwu — August 5, 1936 The principles employed 111 resecting the involved tissue 
and bone followed those desciibed by Alexander, namelv ‘‘Radical excision of every bit 
of infected tissue and of anv normal cartilage that has been cut into ” The final closure 
was not complete, necessitating the leaving of an area which granulated in and was ulti- 
mately closed b\ skin graft The subsequent postoperative course was essentially un- 
eventful, even though the process had eroded through the parietal pleura, causing a local 
accumulation of fluid Postoperative aspirations were necessar} but empyema did not 
develop 

Subsequent Coujse — An uneventful convalescence, with satisfactor}^ clinical improve- 
ment and weight -gam, ^marked the patient’s course until October 21, 1936, when a mass, 
approximately the size of an orange, suddenly appealed over the right iliac region On 
examination, this mass proved to be definitely fluctuant and without associated pain, 
tenderness, 01 increase in local heat Aspiration was performed and a quantity of thick 
pus obtained Bacteiiologic study of the specimen was reported as negative for all 
organisms 

Intravenous pyelograms and anteroposterior and lateial roentgenographic projections 
of the spine were made The former showed no evidence of a destructive lesion of either 
kidney The latter, however, revealed a destructive process involving the lateral third 
lumbar vertebral mass (Figs i and 2) The process was one of bone destruction, prac- 
tically without bone foimation, and therefore, was concluded to be tuberculous osteo- 
myelitis It was also observed that, m the anteroposterior projection, there was an 
obliteration of the lateral border of the silhouette of the psoas muscle, while on the con- 
tralateral side there was no such interference with the normal psoas shadow Because 
of the age of the patient (approximately 34 }ears at the time of onset), and the fact 
that, at operation, a fair-sized sequestrum was removed, we are inclined to believe this 
process was of comparatively recent origin and did not date back to the time of adoles- 
cence before body growth was complete 

We mention this specifically, because the lateral projection shows that the destruc- 
tive process has involved the side of the body of the vertebra as well as the transverse 
process In this view, one may also note a decrease in the density of the pedicle Embryo- 
logically, then, the total area involved corresponds to the lateral mass of the vertebra 
except its posterior portion, and, therefore, we were dealing with a tuberculous osteomye- 
litis of the lateral mass of the third lumbar vertebra and not merely of the transverse 
process itself The 'negative bactenologic reports on pus obtained from the cold abscess, 
and the presence of preexisting tuberculous lesions elsewhere, were taken as presumptive 
evidence substantiating our diagnosis Pus accumulated quite rapidly in the abscess 
pocket and eventually broke through a needle track which had failed to heal even though 
it was not dependently placed and had passed through healthy tissue before entering the 
abscess cavity 

It was not felt that we were dealing with a true Pott’s disease, but rather with a 
condition quite comparable to a tuberculous osteomyelitis of the rib In view of this, open 
operation was decided upon 

Second Opciaiion — November 18, 1936 Under a 5 per cent procaine local anesthesia, 
an 8 to 9 cm longitudinal incision was made centering over the involved transverse 
process and placed between the junction of the outer one-third and inner two-thirds of 
the erector spinae muscles Blunt dissection was used as far as possible throughout the 
procedure This brought a large abscess directly into the operative field, and about four 
to five ounces of thick pus was evacuated A sequestrum, the size of an olive, was found 
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lying free in the place occupied by the transverse process This was removed and, sub- 
sequently, examined microscopically The medial wall, formed by the vertebra proper, 
was thoroughly curetted The remaining tip of the process and spinal nerves were in- 

w 

volved in dense seal tissue The total removal of the tip seemed impractical because of 
possible injury to the spinal nerves This aiea was, therefore, also curetted as were the 
lemaining walls of the cavity Following this, an adequate pedicle muscle transplant was 
developed from the adjacent muscle mass The free end was firmly fastened m the cavity 
so that it completely filled the space The wound was then closed wnth No i chromic catgut 
Black silk was employed to close the skin The sutures were removed in seven days 
Material removed at the time of operation, including the sequestrum, showed early 
tubercle formation on pathologic examination We believe that this adequately substan- 
tiates the preoperative clinical and roentgenologic diagnosis 

Subsequent Coiuse — Convalescence was quite uneventful No further drainage oc- 
curred, and all \vounds healed satisfactoril> After an adequate period of bed rest he 
was started on progressive exercise and finall> discharged, September lo, 1937 All 
wounds, including the cervical sinuses, had been healed for a long time when he left the 
sanatorium Since discharge, he has returned to his occupation as a cook Frequent 
check-up examinations, including roentgenologic examination (Fig 3), have all been 
thoroughly satisfactory His total weight-gam has been approximately 35 pounds to date 
At the present time the patient is the only living member of a group of four living 
together prior to his admission All others have since died of tuberculosis 

Comment — No similai case has been found by us in the liteiatuie and, 
therefoie, we assume that we are not onl}^ lepoiting a case of an unusual site 
for metastatic tubeiculous infection, but also have employed a procedure which 
has given highly satisfactoiy results which would justify further use with but 
one modification We believe that the tip of the tiansverse piocess should be 
completely lemoved if possible We thoioughly lealize, however, that no defi- 
nite conclusion can be leached on the basis of a single case 
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SURGICAL TREATMENT OF HAND AND FOREARM INFEC- 
TION By Di A C J Brickel, A B , M D Dept of Anatomy and Sur- 
geiy, Westein Reseive University 291 pages 166 text illustrations, 35 
plates, including 10 in colors, C V Mosby Co , St Louis, 1939 

For those who aie interested m hand infections, here is a comprehensive 
treatise written hy Di A C J Biickel The volume is a thought-producing 
hook divided into seven chapteis, so grouped that the busy practitioner can 
easily find the part dealing with one of his particular cases The monograph 
has beautifully colored plates and illustrations which deal with the clinical as 
well as the suigical anatomy of the hand and forearm The clinical notes fol- 
lowing each description of the compaitments of the hand impress one with the 
importance of propeily placed incisions in the hand The author caiefully 
points out impoitant stiuctures to be avoided, thus reducing the impairment of 
the function of the hand The value of the vaiious incisions m the treatment of 
the individual types of infections is clearly shown by the illustrations 

Following each chapter, the geneial comments and conclusions will be 
found to be of aid to the industrial and geneial suigeon, who is in haste to obtain 
conciete knowledge concerning an accuiate diagnosis of various types of infec- 
tions, within a short space of time Othei chaptei s deal with anesthesia, physio- 
therapy, and medicolegal consideiations ' 

We know that through the use of the hand and aim, man is able to exploit 
his brain to the fullest extent The hand is man’s second brain, for with it he 
builds homes, assembles automobiles, builds aeroplanes, writes books, etc The 
hand is also a supplemental y eye, m that, in total darkness, it guides him and 
gives a sense of secuiity When one muses and meditates over the dire end- 
results of hand infections, then it becomes apparent what a useful hand means 
to a working man 

As an antidote foi bettei results m hand infections, I strongly recommend 
a careful perusal of this book 

Jerome J Weiner 
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THE ROLE OF SURGERY IN THE MANAGEMENT OF 
DUODENAL ULCER=*^ 

John J Westermann, Jr , M D 
New York, N Y 

A SURGICAL procedure, for any given pathologic condition, must fulfill the 
following requiiements if it is to be successful Satisfactory immediate recov- 
ery, brief and uncomplicated convalescence, early return to usefulness, and 
permanency of cure ^ 

I have made a study of 64 consecutive cases of chronic duodenal ulcer 
treated by posterioi gastro-enterostomy, to determine to what degree this 
proceduie has fulfilled these requirements 

I appreciate fully that the majoiity of suigeons, at the present time, are 
opposed to posterior gastro-enterostomy m the treatment of chronic duodenal 
ulcer This opposition is based almost entirely upon the fact that this proce- 
dure IS followed so frequently by jejunal ulcer However, in a review of 
many of the repoits m favoi of gastric lesection, one finds no distinction 
made between paitial gastric lesection and subtotal gastric resection That 
partial resection is frequently followed by jejunal ulcer is well recognized,- 
and subtotal lesection is not immune to this complication 

Subtotal gastrectomy, specifically, the removal of all but the fundus of 
the stomach, with fundojejunal anastomosis, is a satisfactory operation and 
fulfills our last requiiement It does not demand the minute detail of a per- 
fect gastro-enterostomy to assure satisfactory function Immediate mortality 
and postoperative complications will, of necessity, nevei be eliminated In 
these reports theie has been a striking improvement 111 mortality, but these 
have come from the large surgical clinics, where the appointments from anes- 
thesia to the utmost m postopei ative caie aie immediately available as routine 
measures 

However, I cannot agree that it is justifiable, m suigical teaching, to 
lecommend subtotal gastrectomy as the only surgical proceduie for the cure 
of chronic duodenal ulcei It will follow that, m the hands of those of lessei 
experience, less stomach will be resected Moitality and immediate com- 
plications will be high Paitial and low lesections do not insure peimanency 
of cure 

Mai shall and Kiefer^ state that unless anacidity 01 hypo-acidity is pro- 
duced by high lesection it is difficult to see any clinical advantage of this 
operation over gasti o-enterostomy 

Habeier’s"* enviable series of 100 consecutive gasti ic lesections without 
any mortality were according to the Bilhoth I method In my own experi- 

’*■ Read before the New York Surgical Society, April 12, 1939 Submitted for publi- 
cation March 17, 1939 
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ence, this proceduie has not exhibited peimanency of cure in the treatment 
of duodenal oi gastiic lesions 

Lahey and MaishalP state that the Billroth I operation is the safest of 
all types of gastiic lesection They piefei Hofmeister’s method for radical 
lesection Then mortality in 130 cases is 18 per cent, the incidence of 
jejunal ulcer, 7 pei cent 

Lewisohn*^ leported a record bieaking incidence of jejunal ulcer and now 
says “If gastiic resection is to leplace gastro-eiiterostoiny in the surgical 
tieatment of duodenal ulcei it must answei two reqiiii ements Mortality 
must not be higher and incidence of lecuiient ulcei must be much lower" 
I piesiime that he refers to jejunal ulcei He also states that pylorectomies 

Ope-nin^ on -posTerior 

v/a-ll -pld-ceT oliliquely 
iownwa-rcL -frona, leases' 

CaifVA^ure To o^reaTer curvaTare 
t>o dJs> noV To -P’clI'L be^oacL 
l)x£'ecTm<p of 


POSITION OF 

OPENINO* ON POSTERIOR. STOMACH 

!Fig t 

or paitial antruniectomies should not be called gastric resections and that 
these operations are attended by as high mortalities as gasti ic resection, and 
will be followed by high incidence of jejunal ulcer 

Cutler"^ IS far less radical in Ins statements regaiding resection, and the 
future will tell whether his end-results will justify his changing legimen 
And thus we find that a review of statistics shows a general agreement 
that subtotal resection involves a seiious risk and is followed, occasionally, 
by jejunal ulcer It is worthy of note that many of the present advocates 
of gastric resection have reported unduly high mortalities, complications, and 
jejunal ulcers following posterior gastro-enterostomy 

I would limit the application of posterior gastro-enterostomy to chronic 
ulcer of the duodenum without hemorrhage, in which satisfactory nonopera- 
tive tieatment has failed It has no value in the bleeding type of ulcer I 
am also opposed to the “resection for occlusion” proceduie for bleeding ulcer 
In 111}^ own expel lence, it has been satisfactory in the prevention of furthei 
hemorrhage, but has been followed by a high incidence of jejunal ulcer 
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Here, subtotal resection offers the only chance for a permanent cure I be- 
lieve that posteiior gastro-entei ostomy has no place m the treatment of 
gastric lesions, and that anteiior gastro-enterostomy should never be em- 
ployed in any case 

Posterior gasti o-entei ostomy is not a haphazard fistula between some part 
of the posterior gastric wall and the jejunum, but a definite, well-planned and 
carefully placed opening between a ceitain limited area of the stomach wall 
and a corresponding segment of jejunum The stoma must be of sufficient 
size 

I wish to illustiate a few of the more important steps m the procedure, 
as I have employed it, and give my leasons for so doing There is nothing 
original m these featuies and I recall them to jmu simply to emphasize them 

(1) The stomach site falls along a line fiom lessei to greater curvature, 
obliquely downwaid fiom left to light 

(2) The lowei angle of the stoma falls above a line bisecting the body of 
the stomach 

(3) Serosa of jejunum is buttressed to seiosa of stomach for one inch 
above the upper angle of the stoma 

(4) The opening in lesser sac is affixed to stomach wall about the stoma 

(5) Jejunal site is aibitiarily taken to allow jejunum to fall naturally 
without angulation when stomach is leplaced 

( 6 ) The size of the opening will vary with the size of the stomach, but 
should not be less than one and one-half inches m diameter 

I use no clamps and no nonabsoibable sutures I tie all bleeding points 
both in stomach and jejunal walls I use two sutures — one continuous for 
serosa, and one of a self-inverting type for mucosa 

The dictum that the stoma should he neai the pyloius is not based upon 
sound physiologic reasoning, in my opinion In the majoiity of descriptions, 
[Cannon and Blake,® and others,] wheie the stoma site is emphasized, this has 
been the situation of choice It has been assumed that giavity assisted in 
the emptying of the stomach and that a low point was necessary foi drainage 
That this IS erroneous is evident, if one consideis the stomach of the quad- 
luped It has also been suggested that a stoma too fai to the left piedisposes 
to jejunal ulcer As far as I can learn this is entiiely an empiric idea 

It has been shown® that contact alone does not pioduce a flow of gastric 
juice, but that there must be an accompanying stretching of the stomach wall, 

? c , a contact plus distention stimulus 

It IS reasonable to assume that this stimulus occurs synchi onously with, 
and IS identical with that which stimulates peiistalsis The peristaltic waves 
take origin at the midportion of the bodj'^ of the stomach That portion above 
this point of origin, namely, the proximal one-half the body and the fundus, 
IS free from peristaltic waves, but is the seat of a tonic conti action which 
steadiljf continues as gastric digestion proceeds Thus, a high stoma will 
at once relieve this pressure and reduce the quality of the stimuli to produce 
the flow of gasti 1C juice and peristaltic waves It will also allow the passage 
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of food to the jejunum before it has become mixed with any appieciable 
amount of gastiic juice By this means we approximate a stomach at rest— 
of the gieatest significance in the healing and prevention of ulcer foimation 
As I will show later, there has been no diffeience in the lesulls in cases 
wheie the ulcei was excised and wheie it was not 

Fuitheimoie, we have letained noimal physiologic stimulation of the duo- 
denal mucosa (abandoned in resection) which, in the light of proven expeii- 
mentd^ is so necessaiy to the maintenance of proper pancreatic and jejunal 
digestion CowgilP® states that it is leasonable to believe that the two types 
of gland control, neivous and hormonal, operate together to secure a balanced 
contiol which is capable of some noimal degree of variation to meet special 
situations, and that it is possible for one or the other of the extreme condi- 
tions, lepiesented by failuie of either contiol mechanism to operate in appre- 
ciable degiee, to occur eithei as the cause oi result of disease As an illus- 
tration of this last point, we may cite the obsei vation of Ivy, et al that 
panel eatic dysfunction (failure to piovide propei alkali^) may be associated 
with hypersecietion of gastric juice 

The pains of peptic ulcei have been shown^^ to be due to coiiti actions of 
stomach and duodenum and not to coiiosion and nutation of exposed nerve 
endings Thus by i educing the motility and contraction by early emptying, 
the high stoma also relieves pain I have found it is satisfactory in those 
cases piesentmg luti actable pain without pjdorospasm 

Stomata placed in the antral portion of the stomach are surrounded by 
thicker and more poweiful musculai coats than in the body of the stomach 
This muscle is hypertiophic m the piesence of pyloric resistance A wound 
thiough such a wall is productive of a hypei trophic scar — ^making for a rigid 
stoma These factois also operate in encroaching upon the lumen of the 
stoma Ryaii^'* has observed that the neaier a stoma approaches the pylorus 
the greater its tendency to close These factois, I believe, explain his 
observation 

Schindler^® has observed that posterior gastro-enterostomies carried out 
near the pylorus acquiie a pylonc-like rhythmic activity which is not timed 
ill the same rhythm as is shown by the pyloius This rhythmic closure is the 
lesult of peiistaltic waves as they pass the aiea of the stoma Closure occurs 
during the systolic phase, thus maintaining gastiic distention, increasing the 
stimulus for gastric secietion and insuring a thorough mixing of the meal 
with gastric juice Thus, food passing to the jejunum from such a stoma 
exposes jejunal mucosa to the effects of a food mass which has not been 
affected by its passage through the duodenum It seems logical, under such 
conditions, to expect the production of a jejunal ulcer 

Expenmentally ulcers appear with great regularity when small intestine 
IS exposed to acid discharge from the stomach 

Theoietically, the following etiologic factois have been presented foi the 
occurrence of jejunal ulcer 

(i) Technical errors — ^most commonly nonabsorbable sutures found at the 
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ulcei site This has been a frequent operative observation, and lately has 
been obseived through the gastroscope This type of ulcei is not peculiar 
to gasti o-entei ostomy 

(2) Use of clamps 

(3) Stoma with impropei function I believe this to be the most fre- 
quent cause It has been my observation that any mechanical factor which 
results in a maladjustment of the relationship between stomach and intestine, 
and so effects the proper functioning of the stoma, will predispose to jejunal 



Fig 2 — Showing the result following a 
high gastroenterostomy, 10 jears postoperative, 
no symptoms Note ample emptying after taking 
barium, no gastric distention, faint staining in 
the antrum, and no passage of barium via 
pylorus 


Fig 3 — Showing the result follow ing a gas 
tro enterostomy near the pylorus marginal ulcer 
14 months postoperative Note the gastric dis 
tention, and the larger proportion of the meal 
passing via duodenum 


ulcer This is illustrated in a case in which gastro-enterostomy, performed 
elsewhere, was followed by incisional hernia Jejunal ulcer promptly fol- 
lowed It IS fuither illustrated in the frequency with which jejunal ulcer 
occuried when gastro-enterostomy was performed for gasti optosis, a proce- 
dure long since abandoned 

(4) It IS my conviction that when the stoma is placed near the pylorus 
we have another cause foi jejunal ulcer 

In a group of eight marginal ulcers admitted to St Luke’s Hospital dur- 
ing the past five years, occurring after both gastro-enterostomy and low 
resection, the acidity findings were unifoimly low The reasons for the 
jejunal ulcers seem to be apparent Tvo occurred after low resection, one 
occurred in a patient with a multiplicity of constitutional diseases Gastric 
surgery, except of an emergency character, should not be undertaken in the 
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pieseiice of general constitutional disease, and will quite fiequently lesult in 
failure One followed an incisional hernia, one followed gastio-enterostomy 
of the Roux type, and thiee followed gastio-enterostomy near the p5dorus, 
showing tendency towaid closiiie in the i oentgenologic studies 

I have made the following observations on a gi oup of 64 consecutive cases 
of chionic duodenal ulcer upon whom I earned out posterior gastro-enteros- 
tomy in the manner which has been described 



Fig 4 — Shoumg a jejunal ulcer, eight months after a 
posterjor gastro enterostomy, followed by an incisional hernia 
Note the distortion of the stomach and its dilatation Passage 
of barium, in about equal amounts, via pylorus and stoma, five 
minutes after ingestion 

There were two postoperative deaths, or 3 12 per cent, one follow^ed 
w'ound disiuption and a pulmonary complication follownng resutuie of the 
wmund I have since used silk for wound closure [I regret to say that I 
have had, in the past month, a wmund disruption, using mteriupted silk 
sutures The culture showed Staphylococcus aw etis ] The second was due 
to obstruction in the distal jejunal loop A previous peritonitis after appen- 
dicitis had caused adhesions between the jejunum and the fossa of Treitz 
I made the erroi of freeing a loop of jejunum wuth wdiich to make the anas- 
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tomosis Dense adhesions leformed, causing the obstruction I have found 
this condition in one patient since then in whom I peifoimed a gastric 
resection 

There were five cases in which the lesults have been unsatisfactoiy, 76 
per cent One case developed jejunal ulcei to my knowledge, and was proved 
at autopsy I now believe that suigery should not have been undei taken in 
his case as he was suffering, among other things, with chronic endocarditis 

Fifty-four cases have been followed intimately and continuously since 
operation 
















1 


t 





Fig 5- — A Showing the result two >ears 
after gastro entero anastomoses of end to sida type, 
possibly a modified Roux operation Note the jeju 
nal ulcer, one inch below the distal stoma 


Fig 5 — B Show mg the same case, one year 
after a low resection of the Hoffmeister t>pe by 
the author The jejunal ulcer is again to be 
seen, one inch from the stoma, uith penetration 
into wall of the transverse colon Note nar 
rowing of the stoma and the dilatation of the 
stomach Patient now con\alescing after a high 
resection 


The age and sex incidence is that usually found, namely, 42 males and 
22 females Forty-four were between 35 and 50 yeais of age, and but one 
under age 30 

The indications for operation and the selection of cases for surgical treat- 
ment are of the utmost impoitance The indisciiminate use of suigery in 
the treatment of gastric and duodenal pathology will lead to a laige number 
of failures, and this is exceptionally tiue of duodenal ulcer 

In this series of 64 cases, 24 exhibited pain, unreheA'ed by nonsuigical 
treatment, and 23 showed pyloric obstiuction Pam was also a symptom in 
man)'^ of the obstiuctive cases Fourteen weie operated upon on account of 
inability to eat and marked weight loss after one or more definite couises of 
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medical treatment In each of these cases loentgenogranis showed a definite 
duodenal lesion 

Three patients weie operated upon following one oi nioie perfoiations of 
ulcei sutuied at tune of perforation None has since perforated 

The average duration of symptoms was five yeais, the longest 20, and the 
shortest two 

In 22, or about one-third of the cases, I excised the ulcer I have noted 
no difteiences in the permanency of the cine between those excised and those 
untouched I believe those ulcers showing deep penetiation and those le- 
sembhng diveiticula should be excised 

Cholecystitis, with and without stones, nas found at operation m 14 cases 
The gallbladder was lemoved Three cases had pieviously uiideigoiie cho- 
lecystectomy elsewheie One patient was latei operated upon and is con- 
sidered as a poor lesiilt 

Immediate complications do not fall within the scope of this study except 
as they influence oui second requirement The average tune of hospitaliza- 
tion foi the gioup was 23 days, and the longest, 92 days 

Three of these patients have died since operation — one with ceiebral 
heinorihage, nine yeais aftei , one with coionaiy occlusion, seven yeais after, 
and a third vith carcinoma of the transveise colon, nine yeais after 

Thii teen cases have been followed ten years or longer, 25 fi om five to ten 
years, and 16 fiom one to five yeais 

A leview of the case histones of the pooi lesults leveals a iiuinbei of 
leasons for the failuies, most of winch weie the lesult of suigical tieatment 
In foul of the five there was fuithei involvement of the intestinal tiact In 
the case of jejunal ulcer, posterior gastro-entei ostomy was ill-advised due to 
the patient’s general health 

ABBREVIATED REPORTS OF FIVE CASES, CLASSIEIED AS POOR RESULTS 

Case I — Male, age 48 Had undergone cholecystectomy six years previously' In- 
dication for operation was failure of medical treatment for severe upper abdominal pain, 
inabiiity to eat, progressive loss of weight and six-hour gastric retention 

At operation a large indurated ulcer was found on the anterosupenoi surface of the 
duodenum and marked duodenal deformity due to periduodenal adhesions This patient 
has regained normal weight His pain persists after six years and interferes greatly 
uith his work Repeated examinations have failed to reveal a diagnosis 

Case 2— -Male, age 40 Twelve-hour gastric retention and pain, not relieved by 
medical treatment Operation included excision of ulcer Two years later, roentgeno- 
grams revealed a deformed duodenal cap and suggested recurrent duodenal ulcer At a 
second operation, chronic cholecystitis with numerous small stones was found, also num- 
erous periduodenal adhesions Cholecystectomy was carried out The gastro-entero- 
anastomosis was healthy Patient is now well, five years later 

Case 3— -iilale, age 38 Duration of symptoms eight years, 12-hour retention and 
emaciation Patient was treated medically on two occasions with hospitalization, but 
without relief of retention At operation two large ulcers, m apposition were found in 
the first portion of the duodenum They were not excised On the fifth postoperative 
day lobar pneumonia developed and was followed by empyema and phlebitis of both interna! 
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saphenous veins This patient, five years later, is unable to work and has never re- 
covered from the complications, although his digestion is entirely satisfactory This tjpe 
of case must be classed as a failure because his present invalidism is a result of the 
operation 

Case 4 — Male, age 63 Operation for pain and inability to eat after si\. weeks’ 
nonsurgical therapy and hospitalization This patient had had several breaks in cardiac 
compensation due to endocarditis, many years previously A large duodenal ulcer was 
found at operation and not distui bed Following operation, patient returned to hospital on 
frequent occasions, both on account of his heart condition and recurrent gastric symptoms 
He was finally admitted to the hospital, nine years after operation, with intestinal ob- 
struction and died immediately following decompression Autopsy Ulcer at pylorus, 
jejunal ulcer, caicinoma of sigmoid with obstruction and vegetative endocarditis 

This case illustrates the futility of gastric suigery 111 the presence of serious pathology 
other than that of the digestive tract I feel that it should not be attempted, except in 
the presence of gastric carcinoma 

Case 5 — Male, age 48 Operation after failure of nonsurgical treatment over a 
three-year period, and at patient’s request Abdomen was never free from symptoms fol- 
lowing operation, although nutrition became satisfactory and patient worked steadily 
Roentgenograms, taken six years after operation, revealed multiple diverticula of the 
sigmoid, which were not present 111 preoperative films 

Gastiic analyses have been made fiom time to time on a laige peicentage 
of these patients and the acidity has been uniformly low, and is apparently 
not of significance in this senes 

There have been cases which have presented occasional digestive upsets, 
tiansient 111 chaiacter, and m no case has theie been malfunction of the stoma 
noted upon roentgenologic examination Repeated fluoioscopic examinations 
have shown lapid emptying thiough the stoma In many cases, small por- 
tions of the meal passed through the pyloius Apparently this has caused 
no untowaid effect and I believe it is to be expected following any gastro- 
enterostomy 

It is gratifying to note the willingness with which these patients have 
submitted to further measures thought necessary for complete rehabilitation 
and for prophylaxis against digestive diseases I have not urged dietary 
measures, but counsel the patients not to take foods which they have found 
from experience, do not agree I have been most insistent that they take no 
alkali or proprietary stomach pablum after operation In my experience 
nrineial oil has been most unsatisfactory after operation and I advise against 
its use If possible, any catharsis should be avoided 

In this series tonsillectomy was earned out in 27 cases, dental hygiene 
and repair, including extractions, in 32 cases , appendicectomy twice , hemor- 
1 hoidectomy, six times , and carcinoma of the breast, once One incisional 
hernia occurred and was repaired Large incisions are rarely necessary and 
should be avoided 

Dr Eggers’^'^ reports one case of carcinoma of the stomach aftei gastio- 
enterostomy None has developed m this senes This is of interest, but per- 
haps of no significance 
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CONCLUSIONS 

I have found that postenoi gastio-entei ostomy m the suigical manage- 
ment of duodenal ulcer has met ceitam lequiiements sufficiently to justify me 
111 this continuance of its use I have placed the stoma high in the body of the 
stomach foi leasons which I have given, and which, to me, seem justified in 
the light of oui piesent day knowledge of the physiology of digestion, as 
proven by well-planned expei imentation Duodenal ulcei of the chionic 
and nonbleeding type lends itself to nonsurgical ti eatment quiet readily Sur- 
geiy will be limited to a well-selected group of cases m which these methods 
have failed 
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A consideration of the surgical treatment of chionic duodenal ulcer 
necessitates evaluation of the entire ulcer cycle, emphasizing the conditions 
which require operation This is a highly controversial subject, and the 
present discussion will, therefoie, be confined to the experience of one of us 
( J W H ), with con elation of the preoperative phases and operative pathology 
in chionic duodenal ulcer 

Fogelson’s collective review- of gastroduodenal ulceration, covering I934> 
1935 and 1936, cites 1,000 articles on the subject for each of those years 
Theiefoie, one can substantiate anj'^ controversial point by the opinion of 
others 

In 1928, the Ulcer Clinic of the Fourth Medical and Surgical Divisions 
at Bellevue Hospital was oigamzed Since the organization of the clinic, no 
patient with chronic duodenal ulcei has been advised to have surgical inter- 
vention until all forms of medical tieatment have been exhausted Those 
patients who definitely lequiied opeiation dining the first five years were 
subjected to the time-honoied pioceduie of gastrojejunostomy The ob- 
servations and impiessions gamed m the clinic in the suigical management 
of chronic duodenal ulcer form the basis of the present lepoit 

During the ii yeais from 1928 to 1938 inclusive, 960 patients with 
ulcei s, eithei gastiic 01 duodenal, weie observed m the clinic Many of 
these had pieviously been opeiated upon and were having a lecurrence of 
symptoms — eithei due to the original ulcer or to complications fi om the oper- 
ation Of the total, 88 4 pei cent of these patients were suffering from duo- 
denal ulcei s 

The vast majoiity of duodenal ulcers, if treated early, will respond satis- 
factorily to some foim of medical treatment The foim of treatment de- 
pends upon the individual patient No one foim of treatment can be pre- 
scribed foi all ulcei s If the Sippy regimen does not cause abatement of 
symptoms, other medical procedures must be tried before the patients are 
teimed medical failuies Cooperation of the patient in the early stages of the 
disease is essential if suigery is to be avoided The gieatest aid in obtaining 

’•■Read before the New York Surgical Societj, April 12, 1939 Submitted for publi- 
cation Alarch 16, 1939 
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this necessary cooperation is an intelligent explanation of the nature of the 
disease at the beginning of treatment 

Most patients seen in the later stages offer a much less favoiable prognosis 
than do those seen earliei This is attiibuted to the infection in adjacent 
oigans, in other woids, we aie dealing then Avith complications rathei than 
with the oiiginal ulcei 

Indications foi Siageiy — Of the total numbei of previously unoperated 
cases in oui clinic dm mg the ii-yeai period, w^e have lefeiied only 79, 01 
II per cent, of 690 unopeiated duodenal ulcei s for operation That m itself 
IS most significant The chief mistindei standing in discussing suigical fail- 
ures in chronic duodenal ulcers arises fiom this fundamental point 

Piopei interpretation of the patient’s symptomatology is impoitant in 
determining wdiethei or not opeiation is indicated This is not a point foi 
the roentgenologist to decide He can be asked only to determine the pi esence 
of an ulcer If he finds it, that is as much as ^Ye should expect of him 
How^ever, some of the lesions wdnch involve the posteiioi duodenum and 
paiticularly its second poition cannot be definitely diagnosed by the roent- 
genologist He may be able to diagnose only a duodenal defoimity, but this 
in Itself may be more positive as an opeiative indication than the discovery of 
a definite niche 

A number of indications foi opeiation aie given m the liteiature, but ive 
have accepted only one paramount indication foi surgery in a patient wuth 
chiomc ulcei — that is, unconti ollable pain This is not the typical ulcer pain, 
but an at3'’pical pain, moie severe in chaiacter, usually necessitating sedatives 
and sometimes lequiiing moiphine foi its lelief It iiia)'' be of a type to 
cause confusion wnth biliar}'- tiact disease, renal calculus, or even the ab- 
dominal crisis of tabes doisahs 

Of the 86 patients operated upon, and lepoited m this papei, 83 per 
cent suffered severe pain, wdnle the lemamdei had pain plus gross hemorihage 
The hemoirhage had been conti oiled before operation w^as advised 

Pyloiic obstruction, as such, is not a true indication for opeiation, unless 
there is seveie and uncontrollable pain Obstruction wnthout pain is usually 
due to spasm and not to organic stenosis Antispasmodic medication and a 
milk and cream diet wall usually cause emptying so that opeiation becomes 
unnecessaiy Patients wdio have had pyloroplasties 01 simple closure for acute 
pel f orated ulcer may have 01 game obstruction without pain, but m patients 
previously unoperated on, our experience show^s that organic obstiuction 
IS a most unusual complication in the absence of severe pain 

To repeat, therefoie, we referred only ii per cent of our previously 
unoperated cases for operation This w^ould indicate that most duodenal 
ulcei s can be successfully treated by medical means Oui opeiative cases 
all gave long-standing histoi les, averaging 7 2 years 

Opeiative Pathology — ^The pathologic changes associated with long-stand- 
ing duodenal ulcer claiify some of the points of confusion as to the surgical 
treatment As pieviously stated, only the cases operated upon by the senior 
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authoi on the Fourth Surgical Division will be discussed in this communica- 
tion 

Eleven years ago, when surgeiy was indicated, gastrojejunostomy was 
consideied the operation of choice In 1933, a leview® of 79 gastiojejunos- 
tomies, followed for an average of four and one-half years, proved to be veiy 
discouraging The incidence of marginal ulcei was found to be 164 per 
cent The 960 ulcei s under oui observation have made 18,498 visits to the 
clinic 

A moie lecent review of the results of gastiojej unostomy in our clinic 
gives a still more dismal picture Of 106 cases of gastrojejunostomy fol- 
lowed f 01 7 I yeai s, 24 5 per cent only were cured , 29 2 per cent were re- 
ported as impioved and 462 pei cent as unimpioved Thus nearly half 
the patients who had been subjected to this pioceduie had found their con- 
dition unchanged 01 worse Of this latter gioup, 188 per cent had gastro- 
jejunal ulcers and 7 5 per cent had questionable gastiojejunal ulcers 

We wish to emphasize that these patients had visited the clinic a total of 
2,694 tunes, an aveiage of 254 visits per patient A repoit coveiing this 
phase of the subject will soon be submitted foi publication 

As a consequence of these unfoitunate lesults, we have, since 1933, sub- 
mitted all chronic duodenal ulcei s requiimg operation to subtotal resection 
Fifty-seven lesections have been performed, of which 39 were primary and 
18 secondary opeiations From 1928 through 1932, the senior authoi had 
occasion to perfoim 29 gastrojejunostomies from our clinic These two 
groups can, therefoie, be compared as to the pathologic findings 

Of the 57 cases in which resection was performed, 72 8 per cent had 
posterior ulcei s , 155 per cent had both anterior and posterior ulcei s, and 
111 1 1 7 per cent the ulcer was anterior only Among the patients with posterior 
duodenal ulcei s, definite chronic pancieatitis of varying seventy existed in 73 
pel cent In some instances the head of the gland was 20 cm in circumfer- 
ence In all advanced pancreatic infections, the ulcer had perforated the 
entire duodenal wall and the pancreas formed the floor of the ulcer The 
perfoiation in the duodenal wall was as gieat as 2 to 2 5 cm In the milder 
cases there was a flbrous tissue partition between the ulcer and the pancreas, 
the seiosa not being completely destroyed, but allowing direct extension of 
the infection to the interstitial tissue of the pancreas In three instances, we 
have encountered definite jaundice as a result of the inflammatory reaction 
in the head of the pancreas, which made the diagnosis of an ulcer more 
confusing 

It IS worth while emphasizing that the pathologic changes in posterior 
duodenal ulcer are not fully appreciated unless a subtotal resection is per- 
formed, with removal of the ulcei from the head of the pancreas To de- 
termine whethei a duodenal lesion is an anterior or posterior ulcer is most 
difficult, since a single posteiior duodenal ulcei can cause a deformity on 
the anterior poition of the duodenum, that will give the chaiacteristic ap- 
pearance of an anterior ulcer Subtotal resection definitely demonstrates the 
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posterior lesion The def 011111137 is due to scar tissue 111 the iiiusculai layei 
of the duodenum giving the appeal ance of an anteiioi ulcei This piobably 
explains the pooi lesults fiequently obtained 111 p37loioplasties for chronic 
duodenal ulcei What is taken to be the ulcei is excised f 10111 the aiiteiioi 
poition of the duodenum, but the leal pathologic lesion (posteiioi) is left 
111 situ Even where an anteiior ulcei is piesent, a posterior lesion often 
accompanies it This occuiied m 15 5 per cent of our cases Such a posterioi 
lesion IS recognizable only by subtotal lesection 

The fact that the mam lesion is not attacked m gastrojejunostomy is the 
leasoii for the pooi lesults m long-standing duodenal ulcei s We were then 
treating the complications, not the ulcer itself Of the 29 patients in whom 
gastrojejunostom)7 was peifoimed, 14 had anterior ulceis, 13 posterior ulcers 
with panel eatitis, and two had both anteiior and posterior ulceis Of the 39 
primal y subtotal resections foi chronic duodenal ulcer, foui showed anterior 
ulcers, 29 posterior ulcei s with pancreatitis and six a combination of anterior 
and posterior ulcers, with pancreatitis (Table I) 

Table I 

ANALYSIS OF THE TYPES OF ULCERS 
Number of Cases Anterior Ulcer Posterior Ulcer Both 
Gastrojejunostomies 29 14 13 2 

Pnmar}7 resections 39 4 29 6 

From a study of Table I, it would seem that the more advanced cases 
were selected foi lesection Howevei, the ages and duration of symptoms 
m the two groups weie very similar Both groups averaged 37 i years of 
age, and the duiation of symptoms were 7 i yeais in the first group (gastio- 
jejunostomy) and 73 yeais in the second group (resection) 

In relatively late cases, p)doroplasty or gastiojejunostoni}'' is unlikel}' 
to be satisfactor}7 First, because it deals with the complication resulting 
from the ulcei rather than with a pnmaiy lesion itself, and second, because 
a posteiior duodenal ulcer is frequently left undiagnosed if a gastiojej unos- 
tomy is peifoimed Only subtotal resection piovides adequate diagnosis 111 
these cases The difieience is seen in the fact that more posterior ulcers 
were found in the group in which resection was performed, they weie 
probably piesent in the others as well, but we had not been able to diagnosis 
them 

It is worth repeating that a true 01 game obstruction from chionic duo- 
denal ulcei usually indicates a definite posterior ulcer with radiating scai 
tissue in the duodenal wall which has caused the stenosis Pilchei,^ in 1913, 
called attention to this type of duodenal stenosis when he said “Posterior 
ulceis seldom perfoiate into the abdominal cavity, but are pi one to inaugurate 
complications which, m the end, may prove quite as dangerous as an acute 
peifoiation, namelj^, pancreatitis, common duct obstruction and duodenal 
stenosis ” 

As pieviously mentioned, pyloiic obstiuction without pain is due to spasm 
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and can be alleviated by diet and medication On the othei hand, true stenosis 
of the duodenum, with pain, is a definite indication foi subtotal resection 
What has happened is The ulcei m the posterior wall of the duodenum has 
perforated into the pancreas and caused chronic infection of that organ 
Subtotal resection, but not gastrojejunostomy, is the proper method of attack- 
ing this condition 

Tieatment — We do not advocate subtotal resection for the eradication 
of an existing gastritis or superficial gastric ulcei, because we have not en- 
countered either Neither is subtotal resection recommended on the basis 
that it produces achlorhydria Its fundamental justification is the fact that 
it IS the best means of eradicating the pathologic lesion and allowing the 
pancreatic infection to subside In this respect the relationship of gastro- 
jejunostomy to subtotal gastrectomy can best be compared to that of cholecys- 
totomy and cholecystectomy 

It has been generally accepted that the mortality from gastrojejunostomy 
for chionic duodenal ulcer is lelatively low, while the mortality from a primary 
lesection is relatively high We desiie, therefore, to analyze our mortality 
lates following gastiojej unostomy, piimary subtotal lesection, and subtotal 
resections, as secondaiy operations for maiginal ulcei s or peisistence of 
symptoms aftei pyloioplasty or gastiojej unostomy 

Gastiojej unostomy in chionic duodenal ulcei caused no deaths m the 29 
cases in which it was perfoimed, from 192S to 1932 inclusive Subtotal le- 
section for primal y duodenal ulcer m 39 cases, from 1933 to 1938 inclusive, 
lesulted m two deaths, or a mortality of 5 i per cent Eighteen secondaiy 
resections following either pyloi oplast j'- or gastrojejunostomy resulted in 
two deaths, 01 ii i pei cent mortality Two of the 18 had pieviously had 
pyloi oplasties, three, simple closure for perforated ulcer, five had persistent 
symptoms from the original ulcei following gastiojej unostomy, eight had 
gastrojejunal ulcei s One of the two deaths took place in a subtotal resec- 
tion following simple closure for acute peiforation, the othei occuired in an 
opeiation perfoimed because of persistent symptoms following gastro- 
jejunostomy 

Thus, m all, there were four deaths 111 the 57 subtotal lesections for 
chronic duodenal ulcei , from 1933 to 1938, or a total mortality of 7 per cent 

Results of Opoatwn — The literature on subtotal lesection in chronic 
duodenal ulcer is most confusing, since a number of surgeons perform resec- 
tions of the stomach, but leave the duodenal ulcei tn situ Although they 
class this procedure as resection foi chronic duodenal ulcer, its results can 
hardly be as good as those following removal of the ulcer One readily con- 
cedes that a live patient with complaints is better than a dead patient with- 
out complaints Those who advocate leaving the ulcer in situ feel that the 
mortality is greatly lowered This we question In this entire gioup, we 
have removed the ulcer and our mortality rate has remained low Leaving 
the lesion in situ fails to prevent leakage Closure over the pyloric end of 
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the stomach oi fiist portion of the duodenum may loosen the ulcei fiom 
the panel eas and m this wa}'’ leakage will occui with a fatal peiitonitis 
It seems contiadictoiy that the laigei the mass in the pancieas and the 
moie maiked the induiation aiound the duodenum, the easiei is the line of 
cleavage obtained about the duodenal stump This is due appaiently to the 
extensive fibiosis which lesults in thiombosis of the small vessels in the 
postenoi duodenal vail, the blanches of the supeiioi panel eaticoduodenal 
artery When the posterior wall of the duodenum is freed from this large 
inflammatory mass, relatively little bleeding is encountered Theiefoie, the 
duodenal stump may be easily mobilized to permit closuie without undue 
trauma On the othei hand, a small postenoi ulcer which does not pei- 
f orate the entire wall of the duodenum is sometimes moie difficult to free 
than that of advanced cases, because the vessels have not been completely 
obliterated Subtotal resections enable the ulcer to be completely freed from 
the pancreas and permit the duodenal stump to be closed 

From our follow-up, we have come to the conclusion that gastrojejunos- 
tomy and pyloioplasty aie most unsatisfactory in the treatment of chronic 
duodenal ulcer The adherent duodenal ulcer should be submitted to operation 
Therefore, the procedure that offers the best results, considering mortality 
rate and permanent cures, is piimary, subtotal resection with complete le- 
moval of the ulcei Removal of the ulcer permits the associated inflammatory 
process, usually a chronic pancreatitis, to have an opportunity to subside 

COMMENT 

When the incidence of operation in chronic duodenal ulcer is lowered 
to a point where approximately only one in lo patients is operated upon, 
the results from gastrojejunostomy or pyloroplasty will be most unsatis- 
factory, as emphasized by Cutler ^ However, we are confronted with the 
problem of determining when the ulcer has ceased to be a simple, uncom- 
plicated lesion, and has become adherent to an adjacent viscus, usually the 
pancreas If we had some means of detecting a chronic infection in the 
pancreas, we might be able to select patients requiring surgery with moie 
accuracy than has been possible m the past We are now forced to rely on the 
piesence of atypical pain with radiation directly to the back as our best 
means of making the diagnosis The pain is very severe as compaied with 
typical ulcer pain, and requires sedatives and rest 

We feel that the chief requirement in treating a patient with chronic 
duodenal ulcer is the maintenance of a dietary regimen over an indefinite 
period of tune A certain number of patients will have to be referred for 
opeiatioii, not because of the duodenal ulcer alone, but because of the com- 
plications aiising from it These would probably seldom arise if the lesion 
was recognized early, and if the patient would cooperate fully m his treat- 
ment 

The most satisfactoiy method of attacking the complicated duodenal ulcer 
is a subtotal resection It offeis a reasonable low mortality — a mortality 
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rate that compares favorably with that in othei suigical proceduies on the 
duodenum, such as pyloroplasty oi gastiojej unostomy It offers a better 
chance for permanent cure than either of the above procedures 

From our obseivations, one of the mistakes m any operative procedure 
upon the duodenum is to draw conclusions as to the permanency of a cure 
before a five-yeai period has elapsed 

The results of our gastrojejunostomies have been reviewed on two occa- 
sions, and those inteiested in a detailed report of our findings are refeired to 
those leports 

As subtotal gastrectomy has only been performed during the past six years, 
and many more done m the past two to thiee yeais than m the earlier years of 
employing the procedure, any definite conclusions drawn at this time as to oui 
follow-up would be piemature and might be misleading It is our intention 
after a few more years have elapsed to report oui follow-up on subtotal 
gastiectomy similai to the reports on gastrojejunostomy 
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PROBLEMS IN THE SURGICAL TREATMENT OF CHRONIC 

DUODENAL ULCERS 

Richard Lewisohn, MD 
New York, N Y' 

The author was responsible for bringing paitial gastiectoniy for the 
treatment of duodenal ulcers to this country In 1922, he made a special 
trip to Innsbruck to leaiii f 10111 Haberei his technic 111 dealing with these 
ulcers Immediately upon his leturn, the gastiic group at Mount Smai 
Hospital mtioduced this opeiation as the method of choice 111 place of gastio- 
enterostoniy Thus the author feels that he is 111 a similai position to Sir 
Fiancis Drake who brought the potato from this heniispheie to Euiope 
Howevei, the similaiity ceases at this point Foi, wheieas, the Europeans 
have been veiy happy with Diake’s impoitation and have even put up a monu- 
ment to him 111 piaise of his deed, the authoi has not heard of any similai 
movement to eiect a meiiional to him foi impoiting paitial gastiectomy foi 
duodenal ulcers into America In fact, it is safe to say that this operation, 
duimg the last 16 years, has gamed veiy slowly in populaiity and that the 
vast majority of surgeons 111 this country aie still opposed to this radical 
pi ocedure 

We were ready to change from gasti o-enterostoniy to gastiic lesection 
for the following reasons Nearly 20 yeais ago, at a time when gasti o- 
enterostomy foi the treatment of duodenal ulcers was still the most popular 
operation all ovei the countiy, the gastro-enterologic gioup at Mount Smai 
Hospital, headed by Di A A Berg, had come to the conclusion that gasti 0- 
enterostomy was a bad operation It was felt that many patients not only 
lemamed unimproved, but were made considerably woise by this operation 
Oui conclusions were not based upon geneial impressions, but upon exact 
figures compiled with great caie from a very caieful follow-up system In 
biief, the study^ demonstiated that 18 per cent of our gastro-enterostomies 
had alieady been reoperated upon for gastrojejunal ulcers, and another 16 
per cent presented definite clinical and roentgenologic evidence of postgastro- 
entei ostomy disease When these figures were published in 1923, they weie 
received with a gieat deal of scepticism However, in lecent years additional 
studies, from many diffeient clinics, have been published, practically sub- 
stantiating our statistics 

The attitude of American suigeons has changed considerably during the 
last 15 years Up to a few years ago, those who dared to oppose gastro- 
enterostomy were ridiculed At present it is safe to say, that with a few ex- 
ceptions, suigeons all over the country concede that gastro-enterostomy for 
nonobstiuctive duodena l ulcers is an operation which should be avoided 

* Read before the New Y’ork Surgical Society, April 12, 1939 Submitted for publi- 
cation March 1$, 1939 
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While we aie thus again on common ground with the lest of the surgical 
profession, we still dififer matei lally as to what procedure should be substituted 
for gastro-enterostomy 

Many clinics in this country have returned to pyloi oplastic methods 
(local excision of the tilcei, excision of the pyloric ring, gastroduodenostomy, 
etc ) These methods might solve the problem, if the duodenal ulcers were 
usually situated on the anterioi wall of the duodenum However, the major- 
ity of ulcers are found on the posteiior wall, adherent to the pancreas It is 
perfectly evident that pyloroplastic methods cannot be applied to these ulcers 
with any prospect of curing the patient 

There is anothei veiy important reason why pyloi oplasties as well as gas- 
tio-enterostomies give unsatisfactory lesults They do not change materially 
the acid values which existed before the operation Clute and Sprague- 
condude fiom then test-meal follow-ups aftei gastroduodenostomy that “the 
total and fiee acid, fiom months to years aftei operation, was nearly as high 
as, or was higher than it had been befoie operation” Thus, the door is 
left wide open foi recuirences For it is an undisputed fact that duodenal 
ulcers occur and lecui in the presence of high acid values and that they aie 
practically unknown m the piesence of low acid values or an anacidity 

About 12 yeais ago, we reexamined an equal number of gastro-enteros- 
tomies^ and partial gasti ectomies^ performed foi duodenal ulceis Whereas 
the gastiic lesections showed an anacidity oi free HCl below lO in 75 per 
cent of the cases, the gastro-entei ostomies showed anacidity in only 4 per 
cent of the cases The same test-meal (Ewald) was used in both series In 
the vast majority of gastro-entei ostomies the postoperative acid figures were 
not lower than those obtained before the operation 

Probably the most inteiesting group m this senes weie eight cases sub- 
jected to a partial gastiectomy following gasti o-enterostomy with secondary 
gastrojejunal ulcers (Table I) All these cases showed a comjDlete absence 
of free HCl after the gasti ic resection In six cases, in which acid figures 
had been tested before the secondary operation, free acid vaiied between 19 
and 68 In this group we have a very cleai demonstration of the efficacy 
of gasti 1C resection in achieving a postoperative anacidity, where a gastro- 
enterostomy had previously failed to 1 educe the original acid figures to any 
maiked degiee 

Let us face the pioblem squarely It is conceded by practically every- 
body that pioduction of a postoperative anacidity or postoperative low acid 
figures (flee acid below 10) is the safest way to cure ulcer permanently and 
pi event recurrences Furtheimore, it is conceded by eveiybody with an ex- 
tensive expel lence with ulcer patients, that neithei gastro-entei ostomy nor 
the pyloroplastic operations assure this desired reduction in the acid figures 
It appeals logical that in selecting an operative piocedure for the cure of duo- 
denal ulcers ^^e should select that method which most frequently ensures a 
postopei ative achlorhydiia or at least marked 1 eduction of the acid figures 
The only method which pioduces this effect in the vast majority of cases is 
partial gastiectomy with removal of the lesion 
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Table I 

SECONDARY PARTIAL OR SUBTOTAL GASTRECTOMY TOR G-VSTROJEJUNAL OR RECURRENT 

DUODENAL ULCER^ 




Acid 

Figures 

Before 


Acid 

Figures 

After 


Acidity Before Gastro- 

Radical 

Partial or Subtotal 

Radical 


Enterostom}'- 

Operation 

Gastrectomy 

Operation 

B B 

1910 Gastro-enteros- 
tomy for gastric ulcer 

1918 40-60 

1918 Partial gastrec- 
tomy for recurrent gas- 
tric ulcer 

1923 0-20 

SB 

79-90 — 1920 Pylorec- 
tomy for pylonc ulcer 

1923 40-45 

1924 Subtotal gastrec- 
tomy for gastrojejunal 
ulcer 

1925 0-28 

M Z 

1918 Excision duodenal 
ulcer, gastro-enteros- 
tomy plus pylonc ex- 
clusion 1920, removal 
of button 

1920 68-88 

1921 Partial gastrec 
tomy for recurrent 
duodenal ulcer 

1923 o-io 

D G 

90-100 — 1920 Excision 
duodenal ulcer , gastro- 
enterostomy 

1922 19-55 

1922 Subtotal gastrec- 
tomy for gastrojejunal 
ulcer 

1923 0-20 

M R 

55-88 — 1919 Gastro- 

enterostomy for cica- 
tnzed pylonc ulcer 


1920 Subtotal gastrec- 
tomy for retention 

1923 0-27 

S S 

40-60 — 1915 Gastro- 

enterostomy plus py- 
loric exclusion for du- 
odenal ulcer 


1924 Partial gastrec- 
tomy for recurrent 
bleeding duodenal ul- 
cer 

1924 0-20 

SP 

61-77 — 1915 Gastro- 

enterostomy plus pji-- 
loric exclusion for py- 
lonc ulcer Acidity be- 
fore second operation 
46-55, 1919 Excision 
gastrojejunal ulcer 

1924 22-40 

1924 Partial gastrec- 
tomy for gastrojejunal 
ulcer 

1925 0-9 

L K 

1916 Gastro-enteros- 
tomy for duodenal 
ulcer, 1922 Excision 
gastrojejunal ulcer 

1923 34-49 

1923 Subtotal gastrec- 
tomy for recurrent 
gastrojejunal ulcer 

1925 0-12 


Why, then, does the opposition to gastric resection peisist^ It appears 
likely that it is based to a consideiable degiee upon certain technical difficul- 
ties inherent in the opeiative proceduie If gastric resection weie technically 
as simple as gastro-entei ostoiii} or pyloroplast}'', every suigeon in this coun- 
try would employ this method 

Howevei, technical difficulties should never stand in the way of a popu- 
larization of a suigical procedure Many years ago — indeed, in the memoiy 
of many of the older surgeons — cholecystostomy for cholelithiasis was praised 
and cholecystectomy was condemned as unnecessarily radical Now, aside 
from a very few strict contraindications, cholecystectomy is the method of 
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clioice, not as a cure-all, not as a source of relief fiom all symptoms, but 
as the best method available at present With inci eased experience in this 
method, surgeons have learned how to avoid its pitfalls, and the mortality 
in chronic uncomplicated cases has been reduced from a very high percentage 
to a minimum I hope that the younger generation of surgeons will prac- 
tice partial gastiectomy for duodenal ulcers I am sure that they will popu- 
larize the method in a comparatively short time 

Exaggerated statements have been made about the so-called inherent 
mortality and about the magnitude of the operative procedure in gastric 
lesection With some experience in gastiic lesection and with the proper 

organization, the mortality in pri- 
mary cases of gasti oduodenal ulceis 
should not be higher than about 5 
per cent A number of surgeons 
(among many others, Bohmansson,'’ 
Demel,® Abiumzant and Zabusova’*) 
have published a large series of 
cases with a mortality of about 3 
per cent My own mortality for 
resection in primary cases of chronic 
gastroduodenal ulcers is 4 9 per cent 
(61 cases with 3 deaths) One of 
the best statistics was published by 
Koennecke,® who reported 468 pri- 
resections with a mortality of 
Operative Surgery j ^ pgi Habcrcr'’ and DuvaB” 

have published series of 100 consecutive gastric resections for ulcer without a 
death I think it is safe to say that any major operation which can be em- 
ployed in 100 consecutive cases without a mortality cannot be accused of hav- 
ing an inherent excessive moitahty 

It IS of interest to point out that the mortality following subtotal gas- 
trectomy for gastric ulcers is usually higher than that following partial 
gastrectomy for duodenal ulcers Yet, gastric resection for gastric ulcers 
IS consideied by most suigeons as a justifiable procedure, whereas gastric 
resection for duodenal ulceis is considered too radical 

I think the opposition is due to some extent to the abuse of the term, 
“subtotal gastrectomy” in the treatment of duodenal ulcers The term ’’sub- 
total gastrectomy” infers that only a small stump of stomach is left behind 
This term is fitting for the operation for high gastric ulcers However, when 
dealing with duodenal or prepyloric ulcers the removed part represents 
a little more than one-half of the stomach, thus leaving a very considerable 
part of the stomach m situ Partial gastrectomy is the correct term for this 
operation, not subtotal gastrectomy 

The term “gastric resection” is also incorrectly applied to certain opera- 
tive procedures Gastric resection means the removal of a little more than 
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half of the stomach with removal of that part of the duodenum containing 
the ulcer Other operative piocedures, for instance the Finsterer operation 
(Fig i), should foi very good leasons be specified as such and not called 
gastric resection A very distinct and separate grouping of the Finsterer 
modification of a t5'-pical resection is of great practical value For gastro- 



Fig 2 — Roentgenogram showing a gastrojejunal ulcer following an incomplete Finsterer 

resection 


jejunal ulcers after the Finsterer operation are more fiequent (accoiding 
to some authois, 15 per cent after the prepyloric resection) than after a 
typical partial gastrectomy (with an incidence of recurrence of 7 per cent 
(Mage^^) following the latter operation) and less frequent than after gastro- 
enterostomy (with about 30 per cent secondary ulcerations) Furthermore, 
the surgeon should distinguish between a prepyloiic or a postpyloric Finsterer 
operation Time does not permit a discussion of these different modifications 

359 



RICHARD LEWISOHN 


Annals of Suicen 
March 1940 


in detail Suffice it to say that when the pylorus is left m situ, the incidence 
of gastrojejunal ulceration is higher than if the pyloric iing was removed 
at the operation It must be stated that Finsterer never planned this opeia- 
tion as a routine procedure He employed it whenever an ulcei is not re- 
sectable without too great a risk (in less than 5 pei cent of cases of duodenal 
ulcer in Finsterer’s series) 

As Finsterer has shown, his method of resection should compiise a le- 
moval of a large part of the stomach in older to compensate foi the lemain- 
ing pyloius In shoit, maximum piotection against recurrences lequiies a 
high resection A few months ago the roentgenogram of a patient with a 

gastiojejunal ulceration was 
shown to me The Finsteier op- 
eiation had been performed by a 
gastric surgeon with consideiable 
expeiience Yet the film (Fig 
2) shows cleaily that the surgeon, 
instead of pei forming a typical 
Finsteiei, high lesection, had 
perfoimed a partial antiumec- 
tomy Under these conditions it 
IS not surprising that a gastro- 
jejunal ulcer developed in the 
short peiiod of a few months, fol- 
lowing the Finsterei “Resection 
sill Aiissclialtiing ” 

The Finsteier opeiation puts 

F.g 3 -Palhatue^^resection^ for ^ high gastnc ulcer complete rest and re- 

duces the preoperative hyper- 
acidity consideiably Thus this method has a sound principle The same 
cannot be said of the palliative resection of Madlener^- (1923) who applied 
a similai principle to high gastric ulcers (Fig 3) As was to be expected, the 
postoperative results of Madlener’s operation, when viewed in a large number 
of cases, were most unsatisfactory It is perfectly clear that in view of the fact 
that the food is not side-tracked, the ulcer is not put at rest Furtheimore, 
operative acidity in gastric ulcers is usually low and does not so urgently 
require operative diminution The palpatory differentiation between gastric 
ulcer and cancer is often impossible If tempoiary cures follow this method, 
they probably occurred independently of the operation, not on account of the 
operation The picture of a life cycle of these ulcers (spontaneous disappear- 
ance and reappearance) is well known Some yeais ago published a case 
with three life cycles, which I had occasion to obseive over many years The 
Madlenei operation was discarded many yeais ago and is very infrequently 
employed at present 

A good many years ago — in the heyday of gastro-enterostomy — duodenal 
ulcer was consideied a surgical disease At present, in view of the fact 
that gastio-enterostomy is in a condition of relative eclipse, and as a result 
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of the Widespiead lekictance to employ gastric resection, the pendulum has 
s^^ung to the other extreme To-day duodenal ulcei is consideied many 
doctors as definitely a medical disease The seiious complications of duo- 
denal ulcei — mainly perforation and hemoirhage — seem to be moie frequent 
in recent yeais because cases of duodenal ulcers are still considered a definite 
medical disease, even after lepeated senes of medical tieatments have failed 
We must take cognizance of the fact that a fair percentage of ulcei cases 
aie lefractoiy to medical tieatment In some instances the economic factoi 
will put the ulcei patient into the surgical group I am a stiong believer 
m the attempt to cuie ulcer cases medically Howevei, we must appreciate 
that suigery still continues to play an important idle m this gioup of cases 
Has paitial gastiectomy completely fulfiled the hopes which were expected 
from this opeiation^ I think that judging the results quite impaitially, we 
must confess that such has not been the case While paitial gastrectomy is 
far superior to gasti o-enterostomy or pyloroplastic opeiations, it is not a 
definite and complete safeguaid against a lecurrent ulcer 

The ideal method for definite and permanent cuie of chionic duodenal 
ulcers still has to be found I think — possibly an interesting confession from 
a surgeon — it mil be along medical, not surgical lines At present we feel 
that when a series of medical tieatments have failed, partial gastiectomy 
affords the best therapeutic method at oui disposal It leheves the patients 
of many 3^ears of suffering, safeguaids them against the serious complications 
of perforation or hemorrhage, and effects a permanent cure m about 90 
per cent of the cases 
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Discussion Dr Morris K Smith (New York) said that one of the 
interesting trends in surgical opinion as it has found expression in the New 
York Surgical Society as well as elsewhere over a period of years has been 
the swing away from gastio-entei ostomy in the treatment of ulcer It would 
be a sad state of affairs if thought remained static and the surgeon satisfied 
with things as they are On the other hand, the pendulum often swings far, 
and there is danger peihaps in coming to underestimate the value of an 
operation which has proven its worth time and again For this reason 
Doctor Smith was paiticularly glad that Doctor Westermann had presented 
the case foi gastro-enterostomy in the treatment of chronic duodenal ulcer, 
emphasizing two points, namely, the location of the stoma and the lesults 
obtained 

The high location of the anastomotic stoma in the stomach advocated by 
Doctor Westeimann was of inteiest to Doctoi Smith because there has not 
been much emphasis on it Walton, in Nelson’s Loose Leaf Surgery, states 
that in cases of marked acidity he places his anastomosis higher in order to 
secure a bettei admixture of the neutializing duodenal contents Doctor 
Westermann has given some interesting leasons for his preference for keeping 
the stoma well to the left, feeling that this prevents distention of the stomach 
and tends to piompt and moie satisfactory emptying It would seem as if a 
study of the emptying time and acidity in a compaiable series of high-lying 
stomata on the one hand and antrally placed gastro-enterostomies on the 
other might help to settle the question 

In evaluating his results. Doctor Westermann made the point, as have 
othei writers, that the indications foi the operation should be carefully con- 
sideied Some of the disiepute into which gastro-enterostomy has fallen is 
due to the readiness with which both surgeons and medical men, some years 
ago, advised operation once the diagnosis of duodenal ulcer was made Often 
the patient was as prone to symptoms afterwards as before To-day there is 
universal agreement that the condition is ordinal ily best handled by medical 
measures and that suigeiy is for the exceptional, not the aveiage case 

The lesults lepoited b}^ Doctoi Westeimann were good, and if a large 
propoition of these patients had been submitted to ladical stomach surgery, 
some of them might well have succumbed to the opeiation 

Stimulated by Doctoi Westeimann s paper, Doctoi Smith looked ovei 
his ovn late results of gastro-enterostomy foi duodenal and pyloric ulcer 
They include some giatifying successes and disappointing failures The 
former give the assuiance that the operation, properly chosen, can be effec- 
tive Improvement will come fi om better selection of cases foi operation and 
perhaps more disci imination m the choice of operative pioceduie m the 
individual case 

Dr John A McCreery (New Yoik) lecalled the vaiious papeis on this 
subject that had been presented duiing the past few yeais befoie the New 
York Suigical Society He thought that it was interesting that so many 
different points of view should be held by members of the society It seemed 
to him that some of the differences in view-points might be due to difficulty 
m Intel pi eting patients’ symptoms 

The evaluation of abdominal discomfort and “indigestion” is difficult, 
vaiying so much as it does with the patients’ reactions In his own experience 
many patients were free from S3nnptoms following gastro-enterostomy, except 
after food indiscretions oi (in one case) during pregnancy Should symptoms 
111 such cases be thought of as due to ulcei or to patients’ lack of conti ol ^ He 
had the feeling that the advocates of gastrectomy were sometimes too harsh 
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m their feeling that gastio-enterostomy was a failure unless the patient was 
completely and permanently fiee fiom gastiic symptoms following the 
opeiation 

Doctoi McCieery agreed with Doctor Lewisohn that future pi ogress in 
the solution of gastroduodenal pioblems la}'- m medical rathei than suigical 
fields and, above all, m the discoveiy of the cause of ulcer 

The expel lence of the men working in the First Division Gastric Clinic 
at Bellevue had been much the same as Doctor Hinton’s A suiprismgly 
small peicentage of cases came to opeiation, the lest being kept comfortable 
under dietary legimen, even in the low economic level cases cared for in a city 
hospital Doctor McCreeiy felt that one aspect of the nonsurgical caie of 
these cases was not sufficiently stressed — the psychologic sides of the patients 
difficulties It had been the experience of his associates that the patients wei e 
often helped most by the oppoitunity of sitting down with a physician whom 
they had known before and for whose advice they had lespect, and talking 
ovei then economic and social difficulties This had impressed him so much 
that he had often felt that the addition of a membei of the psychiatnc clinic 
would be of great benefit to his organization 

Doctor McCreeiy disagreed with Doctoi Hinton as to the nonsurgical 
treatment of definite chionic obstruction, feeling that these cases should have 
early rather than late surgical relief He also felt that there was a group — 
particularly in the city hospital level — ^ivho aie unable or unwilling to follow 
a regimen of any strictness but who weie much more amenable to advice 
following operation 

A recent review of cases of duodenal ulcei , operated upon by the members 
of the staff of the Fust Division of Bellevue, in whom a gastio-enterostomy 
had been performed, showed 6o per cent lesults satisfactoiy both to the physi- 
cian and to the patient, lo pei cent with symptoms due to persistence of the 
oiiginal ulcer, and lo pei cent with marginal ulcer 

Doctor Hinton spoke of the importance of removing the ulcei and thought 
that postoperative disappearance of acid was not important It probably is 
true that removal of the ulcer is of primary importance, but Doctor McCi eery 
noted that Doctor Hinton usually cairied out a more extensive gastiectomy 
than would be requiied foi the leinoval of the ulcer and he (Doctor McCreery) 
felt that this was a wise pioceduie as a step in the pievention of marginal 
ulcer 

Ds Thomas H Russell (New York) said that if he weie to ask the 
residents on the Surgical Seivice at the Post-Giaduate Hospital what opera- 
tion should be pei formed foi chionic duodenal ulcer, he felt sure they would 
reply “subtotal resection of the stomach”— for the leason that they have seen 
so many bad results following an opeiation of gastio-enterostomy which had 
been performed elsewhei e 

Doctoi Russell agreed with both Doctoi s Lewisohn and Hinton m empha- 
sizing the importance of always performing a high resection Many of the 
cases leported as having had a gastiojejunal ulcer following a subtotal resec- 
tion have followed pylorectomies and not subtotal lesections of the stomach 
Doctor Russell said that foi almost tliiee yeais he had pei formed the 
gastric surgeiy on the seivice cases admitted at the Post-Graduate Hospital 
and felt sure that the mortality rate had been reduced as a result of having 
the stomach cases assigned to one seivice The mortality rate last yeai was 
slightly under 5 per cent The Ulcer Clinic has given Doctoi Russell more 
trouble than any dime in the Surgical Department, laigely because of emphasis 
upon the impoitance of medical tieatmeiit m cases of ulcei, both gastric and 
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duodenal — so much so that patients with caicinoina, which is sometimes 
ovei looked, aie treated in the clinic too long and not lefeired for surgeiy 
until too late The C|uestion of diffeiential diagnosis lietween caicinoma and 
ulcei IS a most impoitant one and cases should have the advantage of an 
exploiatoiy opeiation 

The Medical Depaitment, on ulcei cases, has been gieatly impioved by 
the assistance of the Social Seivice Depaitment, who send then workers to 
the patients’ homes and instiuct the wives of the patients in the preparation 
of food, and who emphasize the impoitance of legular feedings and, what is 
pel haps moie impoitant, abstinence fiom smoking and alcoholic liquors 

Dr Hubley R Owen (Philadelphia) said that whereas he agreed with 
Doctois Hinton and Lewisohn legarding the fact that “once a gastro- 
entei ostomy always a gastio-enterostomy,” yet he did not believe this opera- 
tive proceduie could be thiown into the discard There are many cases which 
lequiie lest to the ulcei -beai mg aiea which can be benefited by the short- 
en cuitmg operation of gastio-enterostomy — patients who are not sufficiently 
stiong to stand the moie radical proceduie of gastric resection There is no 
doubt gastiic lesection is a more seiious proceduie than gastro-enterostomy, 
and for this leasoii Doctoi Owen said he had not as yet had the temerity to 
follow Doctor Lewisohn’s footsteps m peifoiming so large a peicentage of 
resections 

Doctor Owen said that he had been mteiested to hear Doctor Westeimann 
say that he does not use clamps in his gastro-enterostomies He recalled 
many yeais ago when he had the privilege of assisting Doctor Da Costa, he 
neglected to have clamps sterilized for a gastio-enterostomy Doctor Da 
Costa always held his fiist assistant and not the head nurse of the operating 
loom responsible foi the selection of instiuments When Doctor Da Costa 
asked foi the gastro-entei ostomy clamps the head nuise stated they had not 
been sterilized Doctor Owen said he almost lost his job then and theie but 
Doctoi Da Costa pi oceeded to perfoi m the gasti o-enterostoiny without 
clamps and never used them theieafter Neithei, said Doctoi Owen, had he 

Doctoi Owen said that theie had come undei the caie of himself and his 
associates a laige gioup of men, some 10,000, duiing the past 30 years, and 
so they had had their share of operative procedui es for duodenal ulcer There 
has not been as high a peicentage of postopei ative jejunal ulcers as the statis- 
tics presented by Doctois Westeimann, Hinton and Lewisohn would indicate 
The opening in the stomach is made lower than shown by Doctoi Westei- 
mann , it is made nearer the gi eatei curvatui e and closer to the pylorus 

A case was cited to demonstrate one of the mistakes of a gasti o-entei os- 
tomy Doctor Owen opei ated some yeai s ago upon a policeman for duodenal 
ulcei His leaction to the opeiation was satisfactory for several months 
Then his symptoms leturned Roentgenologic examination showed the 
jejunum to be distended to about the size of a noimal stomach, wheieas the 
stomach was contracted to about the normal size of the jejunum The open- 
ing of the gastro-enterostoin}" was too laige Doctor Owen reoperated upon 
the patient The ulcei was healed He took down the gastio-enterostomy 
The patient has had no lecunence of his symptoms of duodenal ulcer 

Doctor Owen concuiied that chionic defoimity of the duodenum associated 
mth six-houi gastric retention and a low acidity is certainly an indication for 
gastro-enterostomy 

Great difficulty is frequently experienced in attempting to separate the 
duodenum from the panel eas in adherent penetrating ulcers Howevei, it is 
not necessaiy to mobilize the duodenum in this type of case The duodenum 
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may be closed proximal to the nicer and a Polya or Hofmeister partial 
gastrectomy performed Doctoi Owen said that he frequently pei forms a 
palliative gastro-entei ostomy aftei a second hemoirhage fiom duodenal ulcer 
on those patients who cannot stand the moie ladical operation He did not 
believe gastric lesection to be indicated in the chronic ulcer associated with 
hyperacidity and in those patients who aie sufficiently good operative iisks 
Just before his present service at the Philadelphia General Hospital, since 
January i, 1939, four partial gastrectomies have been peifoimed satisfactorily 

Dr Edgar Burke (Jeisey City) had been much impiessed by Doctoi 
Westermaiin’s expeiiences because they have been so diffeient fiom the 
experience at the Medical Center m Jersey City, where a veiy large mateiial 
IS seen and a veiy meticulous effoit made to follow it up The maigmal ulcer 
statistics have not been quite as piohibitive as those mentioned 111 the piesent 
symposium The most honest average that has been ai lived at is between 8 
and 9 per cent However, that is regaided as bad, so bad that the opeiation 
of gastro-entei ostomy is avoided, at all costs, if this is possible However, it 
is employed in the clinic under ti\o sets of circumstances In cases of pyloiic 
stenosis, due to a thoioiighly healed ulcei, which show 1 datively low acid 
values and a ptosed, dilated and atonic stomach In this type of patient the 
results have been excellent The other indication is acute perforated ulcei 
at 01 near the pyloius wheie the induration and fi lability aie so extensive 
that wide imbrication has to be lesorted to, which obviously lesults in a 
nonpatent pylorus Heie the pioceduie is employed not electively but under 
compulsion It is easy, in this type of case, to be too pessimistic “Oh,” it is 
said, “nothing will go through tins pylorus'” Very often it will' But, of 
course, there will always remain a small gioup of cases which, when safely 
and properly closed, will be occluded, making some foim of short-cii cuitmg 
mandatory at the time of operation 

The trend m the Jersey City Medical Centei Clinic has been, in the past 
14 years, very definitely in one duection — ^fewer operations for duodenal 
ulcer, but more radical ones Ver}'^ reluctantly, as the result of experience, 
the surgical staff has seen itself pushed f ai ther and fai ther toward what might 
be leferied to as “the Mt Sinai teaching” — that is, radical opeiation Opera- 
tion for chronic duodenal ulcer on Doctor Buike’s service to-day means 
subtotal gastiectomy The gastiic suigery has been concentiated in a few 
hands because of the conviction that, 111 this particular field of theiapeutic 
endeavoi “many cooks spoil the broth ” 

Dr Carl Eggers (New York) said that it was most mteiesting to con- 
template that three men, representing hospitals of New Yoik with similar 
matenal, should arrive at such opposite viewpoints Doctor Westeimann’s 
experience with carefully observed patients, followed over a peiiod up to 20 
years after the conseivative operation of gasti o-entei ostomy, coiiesponds 
with the experience at Lenox Hill Hospital His statement regaidmg the 
physiology of the stomach and his emphasis on attention to technical detail 
merit consideration He has seen only one case of postoperative lejunal 
ulcei Compare that with Doctor Lev isohn’s figui e of 33 per cent What is 
responsible foi this diffei ence 

If there is one thing that has been learned to-night, it is to opeiate upon 
fewei cases vith duodenal ulcei The thiee papers piesented, as well as 
those lecendy read before the N Y Suigical Society by Doctors Condict 
Cutlei and Eggeis stress this point One of the eiiois committed yeais ago 
V as that opeiation was fiequently undei taken on the meie diagnosis of 
duodenal ulcei It had appaiently been forgotten that gasti o-enterostomy 
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was conceived as an operation for the side-tracking of gastric contents in 
cases with pyloric obstiuction For such a condition it was most successful, 
and for such conditions it is most successful to-day It was the application of 
the opeiation to patients with simple, uncomplicated, frequently acute duodenal 
ulcer that led to unsatisfactory results If some degree of obstruction exists, 
and in older individuals with a chronic ulcer, the operation has given excellent 
results The great majority of Doctor Westermann’s cases were over 35 
yeai s of age Doctor Lewisohn did not mention the age of his cases 

Doctoi Eggers said he believed in radical surgery when indicated, but that 
one must get away from the idea that when operation for duodenal ulcer is 
indicated, it must be a ladical one 

Doctoi Hinton mentioned that of his large sei les only 1 1 per cent had been 
opeiated upon Only the worst cases, with complications such as intractable 
pain and lepeated hemorihages, were selected Even the advocates of gastro- 
enterostomy as a method of tieatment in selected cases of chronic duodenal 
ulcei are inclined to perform a radical operation in this type of case Doctor 
Hinton 1 ejects pyloiic obstiuction as an indication for operation, because he 
consideis it unnecessaiy Doctoi Eggers felt that a conservative operation 
foi the lelief of symptoms may be extended to a largei group of chronic 
suffeiers than Doctoi Hinton has done 

At Lenox Hill Hospital the percentage of cases selected for operation has 
always been low because of association with a gioup of men who felt and 
taught that duodenal ulcei m a young patient is a medical disease Only 
when a chionic ulcer produced recuiient symptoms which incapacitated the 
patient, 01 when complications developed, or pjdoiic obstruction supervened, 
was it consideied an indication for surger)’- By this time, the patients were 
in the older age groups, the acidity was usually lowei, and they presented a 
different picture fiom early acute ulcei In those cases, gasti o-enterostoiny 
was then, as it is to-day, a very valuable opeiation One should not be too 
ready to discard it 

Doctor Eggers recently operated upon a man who had had a gastro- 
enterostomy pel formed by Doctor Peck some 25 years ago The patient was 
well for many years and then developed recurrent ulcer symptoms At one 
time, a marginal ulcei had been diagnosed roentgenological ly During the 
past summei he had seveial severe hemorrhages Transfusions were given 
When first seen by Doctor Eggers he was quite exsanguinated An emergencv 
operation was perfoimed — a resection by the Billroth II method, proximal to 
the old gastro-enterostomy The lesion which produced his symptoms was 
the old recurrent duodenal ulcer, situated on the posterior surface and adherent 
to the pancreas There was no scarring of any other ulcer The very much 
contracted gastro-enterostomy opening had smooth margins and on micro- 
scopic examination was found to be completely epitheliahzed A roentgen- 
ologic diagnosis of marginal ulcer should not be trusted too much 

Doctor Eggers felt that a conservative attitude should be maintained 
regarding the surgical treatment of duodenal ulcer, and that the interest of 
patients is best served by not making subtotal gastrectomy for chronic duo- 
denal ulcer a routine piocedure 

Dr Sigmund Mage (New York) said that for ten years he had been 
following the cases of peptic ulcei resected by partial gastrectomy at the Mt 
Sinai Hospital Gastric Clinic, and that he was not amazed, as Doctoi Eggers 
seemed to be, that the three speakers do not agree Doctor Mage said that 
he could not completely agree with Doctor Lewisohn, a statement which he 
qualified by explaining his own particular attitude toward the unsettled status 
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o£ partial gastiectoiiiy and gastio-entei ostomy Uiidei existing conditions, 
the statistical lesults with these opeiations from diffeient clinics cannot be 
logically conipaied, and one’s results with any particulai therapeutic measure 
are more apt to be leflective of an expeiience with a paiticular aspect rather 
than with ulcer disease as a whole Doctor Mage said he had been on Doctoi 
Berg’s Gastric Service, on Doctor Lewisohn’s Gastric Service and that he is 
now on Doctoi Colp’s Gastric Seivice, and that it is his impiession that the 
inherent mortality of paitial gastiectomy for primal y chronic duodenal ulcei 
is greater than Doctor Lewisohn ascribed to it m his paper Doctor Mage 
said that the fact that two men from the same clinic cannot agree on a matter 
of this kind illustiates a type of difficulty that has served to keep the problem 
of paitial gastrectomy and gastro-entei ostomy unsettled foi the past two 
years One of the mam reasons for the persistent disagreement m that prob- 
lem has been a failure to talk about the same things and to define specifically 
what IS meant The disagreement between Doctors Lewisohn and Mage 
1 elates in pait to diffeient inteipretations of inherent mortality Doctor Mage 
said his impiession of the inherent moitality of partial gastrectomy foi pii- 
maiy chionic duodenal ulcei at the Mt Smai clinic is the peicentage incidence 
of such cases which have died as a result of that opeiation, when performed 
by ti allied gastiic surgeons, who had given due consideiation to the ordinary 
conti aindications, which one respects in employing a major suigical operation 
In a senes of 340 primary, chionic duodenal ulcei s, subjected to partial 
gastiectomy, Doctoi Mage found 31 deaths, which to Doctor Mage indicated 
an inherent mortality of 9 i per cent If Doctoi Lewisohn hopes the young 
surgeon will embrace partial gastrectomy and imposes a fixed mheient mor- 
tality of 5 per cent upon him, it is reasonable to ask what he means by that 
inherent mortality If he disregards the expeiience of the Mt Sinai Clinic, 
and resorts for the support of his view to the expeiience of surgeons m othei 
clinics, of whose material nothing peisonally is known and whose operations 
in some instances are not the same as the one performed at Mt Sinai, Doctor 
Lewisohn should indicate his experience with subtotal gastiectomy with 
chronic duodenal ulcer His mortality figures in his paper relate to piimaiy 
gastric duodenal ulceration, which include gastric and duodenal cases and 
do not indicate the number of duodenal ulcers — the subject of this sympo- 
sium He should mention the actual number of primary chronic duodenal 
ulcers upon which he has operated, the number of deaths, and what cases he 
excludes in evaluating mortality results Doctor Mage said further that 
Doctor Lewisohn had quoted him on the end-results after subtotal gastrectomy 
Inasmuch as those lesults 1 elated to a large experience in which the moitahty 
was between 8 and 9 per cent, it is only fair that Doctor Lewisohn give the 
end-results of his own experience Doctor Mage felt that Doctor Hinton 
should also give his end-results with partial gastrectomy It is illogical to 
assume that, just because gastro-enterostomy is a poor operation, subtotal 
gastrectomy is necessarily a better one One must show pi oof of that 

Doctor Alage said that no doubt he would seem to be hypei ci itical He 
has been so in evaluating the results at Mt Sinai, but unless surgeons aie 
ciitical of their own lesults, and are willing to recognize and admit the 
fallacies 111 then statistics with the same readiness that those fallacies are 
gi anted in the statistics of othei s, the possibility is that this pioblem will 
continue to be aigued foi anothei 20 years 01 moie 

Dr John J Westermann, Jr (closing) said that a significant fact in 
the question of jejunal ulcei is that he has found, from the records of St 
Luke’s Hospital, that but eight cases have been admitted during the past five 
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yeais in which jejunal ulcei was definitely pi oven Of these, foui, or 50 pei 
cent, occuiied after paitial lesection where one-half oi nioie of the stomach 
remained aftei resection Unless a lesection includes at least 70 pei cent of 
the stomach, the incidence of jejunal ulcei will be as high 01 highei than after 
posterioi gasti o-entei ostomy 

Dr J William Hinton (closing) said that of seveial important points 
brought out in the discussion of the papeis, one of the most important was 
that mentioned by Doctoi McCieeiy with regard to the psychologic handling 
of these patients Without cjuestion if the patient with duodenal ulcer when 
seen has his disease explained to him, one will get cooperation during his 
medical case, and cooperation is the most important factor in the whole 
medical regimen It is also veiy helpful to have him come back and talk to 
someone in whom he has confidence 

In answei to the question as to why he removes so much of the stomach 
when there is a question in mind as to whethei the anacidity produces the 
good lesults, Doctoi Hinton admitted that in all probability he is wrong in 
his assumption that anacidity is not playing the impoitant pait Therefore, 
he gave the benefit of doubt to all of those who maintain that by producing 
anacidity they will cure the patient But Doctor Hinton himself felt that it is 
getting rid of the pathologic process that is present that gives the good results 
As a matter of fact, it is as easy to remove 70 per cent of the stomach as to 
lemove 25 per cent 

With regard to the question of healed ulcer, mentioned by Doctor Russell, 
Doctor Hinton said he had never found one that had healed In his expeiience 
if an ulcer has obstiuction ■without pain, it is a medical problem 

Doctoi Hinton said that he concurred m the statement that there is still a 
place for gastro-entei ostomy 01 gastrojejunostomy, but that m the last six 
years he had not found that place 

Concerning follow-up results m subtotal resections chronic duodenal ulcer, 
the statistics piesented cover only six years Whether there has been justifica- 
tion for the subtotal resection is not yet ceitam, but it is certain that from the 
figures there would not have been justification foi peiforinmg a gastrojejunos- 
tomy, a questionable procedure Doctor Lewisohn once stated that gastro-enter- 
ostomy is not an operation but a disease, and he modestly declines the original- 
ity of this statement, but ci edits it to some of his European fi lends, 
nevertheless, that, said Doctor Hinton, is his feeling fiom observation and 
experience , namely, that it is more of a disease than an operation 

Dr Richard Lewisohn (closing) recalled that Doctor Hinton had stated 
that only 10 per cent of duodenal ulcei s aie on the anterior wall and that the 
others are eithei double ulcers 01 on the posteiioi wall It is impossible to 
excise an ulcer on the posterior ■v\^all Thus excision of the ulcer is possible 
m a small numbei of cases only Doctor Westeimann ascribed his good 
results wuth gastro-enterostomy, among other leasons, to the fact that he uses 
catgut as suture material and does not use clamps m performing the gasti o- 
enterostomy In the early days when many gasti o-enterostomies were per- 
formed at Mt Smai Hospital, Doctor Berg used the Pagenstecher non- 
absorbable sutuie and Doctoi Lewisohn used catgut only Yet the incidence 
of gastrojejunal ulcer was as high m Doctor Lewisohn’s senes as in Doctor 
Berg’s Doctor Lahey has performed gastro-entei ostomies without clamps 
foi years Yet he has observed many gastrojejunal ulcers 

In a lecent paper Mr Ogilvie said “People always call gasti o-enterostomy 
the ‘conservative opeiation’ and gasti ic resection the ‘radical operation, 
and suggested that these terms are not correct Gastro-enterostomy should 
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be called the “incomplete opeiation” because it is followed by many compli- 
cations and lecmiences Gastiic lesection should be called the “thoiough 
opeiation ” 

In answei to Doctoi Eggers’ questions, Doctor Lewisohn said that the 
majority of patients weie under 6o years of age He was undei the impres- 
sion that about lo to 12 pei cent of the ulcer patients seen, either on the 
waids 01 in the dispensaiy, weie opeiated upon 

Doctor Lewisohn said that foi many yeai s he had been of the opinion that 
gastro-entei ostomy was a good opeiation foi healed duodenal ulcer with 
stenosis But he has changed his viewpoint foi two leasons First, it is 
impossible to state definitely by palpation whether 01 not an ulcer has healed , 
second, alaimmg symptoms of postopeiative atony aie sometimes encountered 
These cases with piactically complete obstiuction have very laige stomachs 
and the piopelhng powei is not sufficient to caiiy the food fiom the stomach 
into the intestines A good many seiious complications have aiisen as the 
result of peifoiming a simple gasti o-entei ostomy in complete obstiuction, 
wheie it was thought that one was dealing with a healed ulcei 

Doctoi Lewisohn disagreed with Doctoi Mage that it was incumbent upon 
him to include m his moitality statistics those of othei men on the same 
service A surgeon is not lesponsible foi any suigei3>^ peifoimed by others, 
especially as this may include the work of youngei men with less expeiience 
He has always stated that he w^as quoting his owm moitality, fiom his fiist 
case up to the pi esent time It is impossible to compai e surgery of this soi t 
unless one adheies to one’s owm personal expeiience Di Lewnsohn said that 
he had perfoimed 36 gasti ic resections foi duodenal ulcei with twm deaths, a 
mortality of 5 per cent Not included in this gioup aie secondaiy cases — 
a secondaiy case being one wdiich has had a pievious opeiation upon the 
stomach or duodenum , foi instance, a suture of a perforated ulcei , a pyloro- 
plasty, 01 a gasti o-enterostomy Cases of bleeding ulcers, in which one or 
more active hemoiihages played an important role in the clinical picture, are 
not included in these statistics The subject undei discussion in this sym- 
posium IS chionic peptic ulcer 
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PART ONE 

“The swi must neve) use o; set m pe)jo)aUons of the gast) o-intestmal 
Uact without an attempt at ) ehef ” This dictum draws attention at once to 
the fact that peifoiations of the gasti o-mtestinal tract are always seiious as to 
prognosis They must be considered either as an emergency oi an urgency 
The highei (esophagus) or lower (colon) in the gastro-intestinal tiact the 
peiforation occuis, the moie serious the outlook Mortality is very high and 
the chance of the patient’s recovery is problematic unless an early diagnosis 
IS made 

In emergencies, opeiation must be immediate m order to save the patient’s 
life In uigencies, a shoit time may be taken to refine the diagnosis with 
loentgen and laboiatoiy examinations, so that operation may be perfoiinecl 
with a definite diagnosis Foitunately, emeigencies are fewei than urgencies 
In the uigent cases, diagnosis is made fiom the geneial clinical pictuie, in- 
cluding a caieful histoiy and physical examination There is dull, aching 
and constant pain accompanied by shock which may have come on immediately 
after the perforation — be that accidental oi spontaneous — oi may be delayed 
and gradual m onset Tbe pulse is rapid and thready, the blood piessuie low 
Nausea and vomiting may be piesent If vomiting continues, perfoiation of 
some organ must be seriously considered Tenderness will be diffuse and 
eaily muscular spasm will occui Distention is usually an unfavorable sign, 
as it may mean geneial peritonitis and sepsis Shifting dulness in the flanks 
may point to mti a-abdominal hemorihage — usually due to injury of a solid 
viscus or ruptuie of a mesenteric vessel Hemorihage is shown in the blood 
count by a fall in the led blood corpuscles and hemoglobin, and an eaily 
elevation of the white blood coipuscles Peritoneal iiritation is indicated by a 
rise in the white blood corpuscles and polymorphonuclear leukocytes Oblitera- 
tion of livei dulness means rupture of a hollow oigan If the pulse rate rises 
pi ogressively, it is an indication not to postpone opeiation 

Perfoiations of the gastro-intestinal tiact may be classified as (i) Pei- 
cutaneous injuries through the abdominal wall brought about by bullets, knives, 
etc , and (2) subcutaneous perfoiations caused by inflammatory or malignant 
erosion, by piessure generated within an organ, by blunt force applied di- 
lectly 01 indirectly to the abdominal wall, as in falling, lifting or straining 
Diagnosis is often difficult due to the absence of evidence of abdominal wall 
injury 

*Read before the New York Surgical Society, March i, 1939 Submitted for pub- 
lication, Februarj 12, 1939 
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The discussion in this coinniunication is based upon a senes of 151 cases 
o£ perfoiation seen at the Lenox Hill Hospital, from 1923 to 1938 We will 
include peiforations of the entiie gastro-intestinal tiact, but will exclude 
perfoiations of the appendix and gallbladdei Peifoiations of the esophagus 
had the highest mortality (87 5 cent), while those of the colon had twice 
the mortality (66 6 per cent) of gastiic and duodenal ulceis The mortality 
for all areas is shown m Chait I 



Chart j - — Showing,, grapliicall>, the mortality rate fi om perforations in all 
parts of the gastro intestinal ti ict 

Pcijoiations of the Esophagus — QueisanP’ - lepoits a case of a giil age 7 , 
who ruptuied her esophagus while vomiting Such cases lareJy come 
to 1 oentgenologic examination, as perfoiation gives use to such seiious situa- 
tions that roentgenologic study is inadvisable Sigoia^ reported the ruptuie 
of an esophageal diveiticulum just below the bifui cation of the trachea in 
a child, age 7 In this case a contiast meal was given Some of it entered 
the stomach and some was seen to run through the peifoiation 111 the diverticu- 
lum into the flee pleuial cavity, whence it quickly 1 cached the costophrenic 
sinus 

In 1837, Heyfelder reported the case of a patient who ruptured his 
esophagus during a convulsion and died Williams mentions a case in which 
not only the esophagus but the diaphragm as well was ruptured during vomit- 
ing Gloss'* cites the case of a man, age 30, who gave exhibitions of sword 
swallowing and injured his esophagus to such an extent as to cause per- 
foialion with abscess foxmation and death Gamble^ recently published a 
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most mteiesting lepoit on congenital liacheo-esophageal fistulae, with a new 
method of opeiative pioceduie This condition is due to atiesia of the 
esophagus with tracheo-esophageal fistula It occurs infrequently 

All of the ruptures mentioned weie linear Booihaave, m 1724, reported 
a unique case m which the rent was transveise Another tiansveise pei- 
foration was cited by MacKenzie,^ m 1884, as follows 

“The patient, Baron de Wassenaer, was 50 >ears of age and with the exception that he had a 
♦ sense of fulness after moderate meals, was m perfect health To relieve this disagreeable feeling he was 
in the habit of taking a copious draught of an infusion of ‘blessed thistle' and ipecacuanha One day, 
about 10 30 in the evening, when he had taken no supper but had had rather a hearty dinner he was 
bothered by a peculiar sensation in his stomach, and to relieve this he swallowed three tumblersful of his 
usual infusion But to no avail He then tried to excite vomiting b> tickling the fauces In w retching 
he suddenly felt a violent pain He diagnosed his own case by sajing that there was ‘the bursting of 
something near the pit of the stomach ' He became prostrate and died 111 18 hours At necropsy it 
was seen that without any previously existing signs of disease the esophagus had been completely rent 
across, in a transverse direction ” 

In oul own senes we had eight cases of perfoiation of the esophagus 
Seven died, a moitality of 875 per cent Five opeiations weie perfoimed 
in the eight cases The patient who suivived was one in whom perfoiation 
occuried duiing an esophagoscopy The cause and outcome of these per- 
foiations are shown in Table I 


Table I 

THE CAUSE AND OUTCOME OE PERFORATIONS OF THE ESOPHAGUS 


No of 
Cases 

Cause 

Esophagus Perforations 

Result 

Operation Cured Died Autopsy 

I 

Simple ulcer 

I 

I 

I 

Diverticulum 

t I 

I 

3 

Ca into trachea 

t 3 

I 

2 

Foreign body 

2 2 

2 

I 

Trauma (esophagoscopy) 

I I 



8 Totals 5 I 7(875%) 5 

ABBREVIATED CASE REPORTS OF PERFORATION OF THE ESOPHAGUS 

Pofoiation of a Simple Ulcc) 

Case I — P H , age 65, had been admitted to the medical service in 1934 for prepy- 
loric ulcer of the stomach, with hemorrhage He was readmitted m 1936, and on the 
day of admission had so much distress that he fainted Voice sounds were diminished 
at the left base and the abdomen was markedly distended He died shortly after ad- 
mission Autopsy showed a 5 cm longitudinal rent in the lower esophagus which had 
perforated into the left pleural cavity An ulcer was seen at the site of the perforation 
There were also two ulcers in the stomach proper 

Peifoiation of Cajcuioma of the Esophagus Into the Tiachca 

Case 2 — L S female, age 50, with a carcinoma of the esophagus, had had a seveie 
cough after eating followed b} bloodv expectoration for one veek Roentgenologic ex- 
amination showed a perforation of the esophagus in the region of the cricoid, uhich 
had perforated into the trachea and outlined the trachea and bronchi The patient died 
two months later (Fig i) 
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Case 3 — E S , male, age 58, had had difficulty in swallowing of three months’ dura- 
tion, severe cough and expectoration, had lost 50 pounds during three months He had 
coughed up swallowed food Roentgenologic examination showed an obstruction high 
111 the esophagus The bismuth paste entered the trachea A Kadei gastrostomy was 
performed but the patient died two months latei 




Fic I C'l'ie 2, L S Roentgenogram of perforation of esophagus into trachea at site of carcinoma 

Bronchial tree outlined bj barium 


Case 4 T L , female, age 33 j had difficulty in swallowing Following roent- 
genologic examination a diagnosis of carcinoma high in the esophagus with pressure 
onto the trachea was made The upper esophagus was resected and a gastrostomj w’as 
performed m 1936 She died tw'o tears later At autopsy, at the junction of the right 
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bronchus and trachea a perforation measuiing 6 Mm was found This was present 
m a necrotic, recurrent tumor, which had taken place at the stump of the esophagus 
where it had been resected Microscopic examination showed a recurrent squamous cell 
carcinoma of the esophagus Miliary tubeiculosis of the lungs and metastases to the 
mediastinal lymph nodes were also found 

Pajoiahon of an Esophageal Dwoticiilum 

Pei f oration of a diverticulum is the lesult of accumulation of food pai tides 
which decompose and eventually give use to symptoms of irritation and 
seive as a suitable medium foi the accumulation of bacteiia leading to de- 
composition of the wall of the diverticulum and finally to peifoiation 

Case 5 — A R , age 37, had had regurgitation of food 30 minutes to three hours 
after meals Roentgenologic stud}^ showed a small diverticulum of the esophagus at the 
level of the seventh cervical vertebra The diverticulum was freed at operation and 
walled-oflf with vasehned tampons for secondary resection Before this could be per- 
foimed, however, the diverticulum perfoiated The patient developed a gangienous 
suppuration of the right lung with pneumonia and died on the sixteenth day after opera- 
tion Autopsy revealed a perforated diverticulum with mediastinitis and a confluent 
lung abscess with gangrene of the lung 

Tianmatic Pofoiatwn by Fojcign Body 

Case 6 — B , age 71, swallowed a small, hard bone 24 hours before admission, 
followed by pain in the throat and discomfort on swallowing Esophagoscopy showed 
a swelling 0 5 inch wide and 0 5 inch high on the posterior wall of the esophagus one 
inch below the introitus of the esophagus On the crest of the swelling a cut was seen 
into which the point of a forceps could be inserted This was probed but no foreign 
body could be felt Therefoie, it was concluded that the bone which had caused the 
wound must have passed on into the stomach Swelling developed on both sides of the 
neck These swellings were incised widely and diained Roentgenologic examination 
showed widening of the mediastinum with pneumonia at the right base of the lung The 
patient died the following day At autopsy, an ulceration and perforation of the esophagus 
were found, also an acute gangrenous phlegmon of the neck, laryngeal edema, lar3ngitis 
and bronchitis, atelectasis of the left lung, lobar pneumonia, and myocardial degeneration 
The cause of death was noted as acute laryngeal edema 

Case 7 — F M , male, age 27, swallowed an upper denture while asleep, aboard a 
ship The ship's surgeon attempted unsuccessfully to remove the denture Three dais 
later the patient was admitted to Lenox Hill Hospital with swelling on the right side of 
the neck Temperature 1006° F, leukocytes 18,000, polymorphonuclear leukocytes 77 per 
cent Roentgenologic examination showed the plate at the level of the clavicle (Fig 2) A 
futile attempt was made to remove the plate with an esophagoscope A six-inch incision 
was then made on the right side of the neck, the vessels of the right lobe of the thyroid 
were ligated and the lobe turned medially, and the ribbon muscles and omohyoid were 
divided The plate could be felt in the hypopharynx The point seen on the right side 
in the roentgenogram had perforated the wall of the esophagus A little exudate, causing 
a grayish coating, was present m front of the spinal column, with an early abscess ca\it>, 
measuring 2x1 inches Culture from this cavity showed Mtciococcus cafauJiahs, non- 
hemolytic StreptococcuSy pneumococcus, and gram-negative Bacilli 

It was impossible to dislocate the plate and extract it through the esophagoscope, 
and so, following a tamponade toward the mediastinum, the opening at the hypophaonx 
was enlarged and the plate extracted A Levine tube was placed into the stomach and 
the wound w^as left open, lightly packed with iodoform gauze and with a few sutures 
placed in the skin Three da} s later the patient’s condition was good and his temperature 
normal Tw^o da}s after this, his condition was still satisfactory, but the following eve- 
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Tiaumatic Perfo^aiwn Dwing EsopJiagoscopy 

Case 8 — M S , female, age 59, was admitted to the Lenox Hill Hospital, on ac- 
count of difficulty m swallowing and regurgitation of food Roentgenologic examination 
showed an obstruction at the cardia Esophagoscopy was performed at 9 30 a m under 
avertin anesthesia An ii Mm tube was passed into the stomach easily A longer, 
smaller tube was then passed a short distance, whereupon blood was noticed in the tube 
Immediate use of an esophageal speculum showed a short split in the mucous membrane 
on the posterior wall of the esophagus The patient became very uncomfortable The 
neck was tender with crepitation and severe pain on swallowing Immediate operation 
advised 

Opeiatton — Under local anesthesia, an incision was made along the sternomastoid 
muscle and air was noted in the tissues, especially in the deeper part of the neck The 
thyroid was drawn to the left after liberating the lower pole On freeing the esophagus 
upward, a cavity was entered containing purulent, bloody material which was removed 
by suction Cultures were taken The cavity descended downward into the mediastinum 
on the right side of, and behind, the esophagus There was a purulent-Iike deposit lining 
it, and in rotating the esophagus over to the left in order to expose the i>osterior surface, 
a large sht-hke opening more than one-half inch in length was exposed The edges were 
everted The slit was closed by means of three chromic sutures The wound was drained 
and iodoform gauze tampons placed down into the mediastinum, to the lowest margin 
of the cavity Apparently the cavity was walled-off toward the deeper parts of the medi- 
astinum Another tampon was placed upward but not against the suture line Super- 
ficial tampons saturated with hexyl resorcinol were placed in the wound, and the lower 
end of the bed elevated 

Postopeiative Comse — The following day the patient was doing nicety Two da>s 
later the superficial tampon was removed and replaced The following da3^, a Levine 
tube was inserted for feeding purposes There was evidence of slight leakage at the side 
of the neck On the seventh day, the deep mediastinal tampon was gradual!} remo\ed 
There was a profuse foul discharge On the ninth day, the last tampon was remo\ed 
On the sixteenth day, feedings were started b}’' mouth, with no evidence of leakage Two 
days later, the Levine tube was removed and all feedings were given by mouth The pa- 
tient was discharged one week later with the wound healed, and perfectty well The cul- 
ture from the abscess cavity showed pneumococcus, Mto ococcus cafan halts. Staphylococ- 
cus albiis, and diphtheroid Bacilli 

Discussion — ^Analysis of these eight cases shows that a peiforation of 
the esophagus is always a veiy serious injury, with an inevitably high mor- 
tality The presence of mouth organisms in the uppei esophagus, and sec- 
ondary phlegmonous infection of the neck along the fascial planes, followed 
by mediastinitis is a veiy grave complication The only procedure that can 
save these patients is early diagnosis, earty operation, wide incisions, and 
tamponade drainage wuth the introduction of antiseptics into the wound 

Gastric and Duodenal Ulcer Perforations — Many interesting cases 
of perforation have been leported in the eaily literature One of the earliest is 
that reported by Crollius, m 1613 A Bohemian peasant concealed a knife in 
his mouth, thinking no one w^ould suspect that he possessed it While excited, 
he let the knife slip into his stomach It subsequently penetrated through to 
the skin and the man lecovered Somewhat similar cases are those of a young 
w»'oman, age 22, wdio, in delirium fiom typhoid fever, swallow^ed tw^o iron 
forks wdiich w^ere subsequently expelled thiough an abdominal abscess,* and 
a French w^oman, age 35, wdio, with suicidal intent, swallow^ed a four-pronged 
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fork which was removed four yeais latei fiom hei thigh, aflei two yeais of 
intense pain m that i egion ® 

In this peculiarly interesting group of cases should be included one de- 
scribed by Hashimoto, foiniei surgeon geneial of the Impel lal Japanese Aim)'’, 
anothei desci ibed by Garcia,*’ and still another mentioned by Houston 

Hashimoto’s case was a woman, age 49, who was in the habit of inducing 
vomiting by irritating hei fauces and phaiynx with a Japanese tooth biush, 
a wooden instiument six 01 seven inches long with bustles at the end Then, 
one day, she swallowed the biush accidentally Eleven months latei theie ap- 
peared in the epigastiic region a fluctuating swelling which finally burst and 
from It exti tided the end of the biush Aftei vainly attempting to extract it, 
the attending physician contented himself with cutting off the projecting poi- 
tion The opening subsequently healed Thiiteen yeais latei pain and swell- 
ing returned On admission to the hospital, October, 1888, two fistulous 
openings were seen in the epigastiic 1 egion and the foieign body was located 
by probing Six weeks later the patient was anesthetized, one of the open- 
ings was enlaiged and the biush was exti acted In another five weeks the 
openings had healed and the patient was lestoied to health 

Garcia’s patient was a man who swallowed a swab, ten inches long, which 
he had used for cleansing his fauces On the sixteenth day aftei this, an 
abscess formed on the left side below the nipple and fiom it was discharged 
a large quantity of pus and blood In another foui days the end of the 
stick protruded The stick was withdrawn by traction The wound healed 
within seven weeks 

Houston mentions a maniac who swallowed a rusty spoon, ii inches 
long Fatal peiitonitis ensued and the spoon was found impacted at the 
duodenojejunal junction HindeH^ repoits a luptuie of the duodenum by a 
violent kick 

Spontaneous peifoiations of the stomach have occuiied m a number of 
individuals Wunschheim^- lepoited the spontaneous ruptuie of the stomach 
m a man who vomited and could not empty the stomach on account of an 
esophageal caicmoma ten inches fiom the teeth Collins’^ desci ibed a spon- 
taneous luptuie of the stomach in a woman, age 74, the subject of latei al 
cuivatuie of the sjiine, who had fiequent attacks of indigestion with tympanitis 
On the day of death theie was coiisideiable distention, and a gentle puigative 
and antispasmodic weie admmisteied Just before death, a sudden explosive 
sound was heaid, followed by collapse A neciopsy shoved a luptuie, two 
inches long situated two inches fiom the pyloiic end of the stomach Lalle- 
luand’’’ also mentions a ruptuie of the stomach by the act of vomiting The 
patient v as a v oman who had suftei ed with indigestion for five 01 six months 
but had been leheved by a stiict diet Aftei indulging hei appetite to a gi eater 
extent than usual, she expeiienced nausea and made violent but ineffectual 
effoits to vomit While suffeiing gieat agony, she experienced a sensation 
as if something veie teaiing m the lover pait of hei abdomen Then she be- 
came unconscious and died that night Postmoi tern examination showed that 
the anteiioi and middle paits of her stomach had been tom, obliquely, to the 
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extent of five inches, the teai extending fiom the lessei towaid the greater 
curvature The edges were thin and iriegular and piesented no evidences 
of disease 

In oui own series, theie were 8i peifoiations of gastric ulcei and 23 ot 
duodenal ulcer It may be puiely a coincidence that the incidence of gastric 
ulcer perfoiations was greater during the years of panic and depression than 
during the peiiod of prosperit}'- (Chart 2 ) Let us hope, if this be a coirect 
obseivation That the lower number of cases m the 1937-1938 period points 
to the beginning of new piosperity In othei woids, worry and deprivation, 
with increased nervousness and, theiefoie, inci eased smoking and dunking, 
may have caused an increase m the occuirence of gastiic ulcer The incidence 
of perforation in duodenal ulcei s has lemained at about the same low level 



Chart 2 — Shoeing the incidence of gnstric ulcer during the period from 19^3 to 1938 

Incidence — There were 76 males in the senes of 81 gastiic ulcer per- 
forations, and 22 males among 23 duodenal ulcer perfoiations In the small 
intestine, 15 perforations occuiied m males in 16 cases In the laige intestine, 
the incidence was about evenly divided between males and females (Table II) 

Table II 

SE\ INCIDENCE IN GASTRO-INTESTINAL PLREORATIONS 



Male 

Female 

Gastric ulcers 

76 

5 

Duodenal ulcers 

22 

I 

Esophagus 

5 

3 

Traumatic gastric perforation 

0 

I 

Small intestines 

X 5 

I 

Carcinoma perforations 

2 

2 

Colon perforations 

4 

2 

Diverticulitis perforations 
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Age Dtstiihution — Peiforation of gastiic oi duodenal ulcei laiely oc- 
cuned in the veiy )^oung or the very old Oui youngest case was age i6, 
the eldest age 75 The average age foi gastnc ulcei s vas 424 years, for 
duodenal ulcei s 44 i yeais The aveiage age of peifoiatioiis of the colon, due 
to inflammatory lesions, was 30 years, whereas, m diverticulitis of the sigmoid 
with perforation, the average age was 545 yeais The average age for all 
peifoiations is shown m Chart 3 



10- io 2.0-iO so'-i-o -+ 0-50 so -to to -to ’lo- aro 


»— • G^aaTVic- Ulcet'js* 

(p .Q 'Jju.ocieiial Ulc«r<s 

Chart 3 — Sliow ingf, graphicallj , the age distribution of all perforations 

Past Hisfoiy — In 17 of the 81 cases (21 pei cent) of perfoiated gastric 
ulcer and m two of the 23 cases (8 6 per cent) of duodenal ulcer perforation, 
the ruptuie occuiied uithout a previous ulcer histoiy The mortality was 
slightly highei m gastnc ulcei peiforations with no previous ulcer histor}'- than 
m those uith such a histoiy On the other hand, prenous symptoms vere the 
lule in cases of duodenal ulcei peiforation (Table III) 
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Table III 


PATIENTS WITH PAST HISTORY OP ULCER 


Gastric Ulcer 
Total, 8 1 cases 

No previous symptoms 17 or 21% 

5 died (29 4%) 

Previous symptoms 64 (79%) 

Average years 33,17 died (26 5%) 
Average years 3 8 


Duodenal Ulcer 
Total, 23 cases 

No previous symptoms 2 or 8 6% 

I died (50%) 

Previous symptoms 21 or 91 4% 
Average years 3 7 died (33 %) 
Average years i 5 


Tnne of Hospitah^ahon — Fiom the economic standpoint, perforation 
of a gastric oi duodenal ulcei is not as seiious a catastiophe as perforation 
of the lowei intestinal tiact The aveiage stay in the hospital in the gas- 
tiic ulcei cases was 254 days and m the duodenal cases 195 days The 
gastiic ulcei patients who died aftei operation lived an aveiage of 4 5 days, 
ranging fiom one to two d^ys aftei operation up to ii days In the duodenal 
ulcei cases, those who died lived an average of 7 2 days, that is, longer than 
the gastiic ulcei cases The majoiity died the first day, but some lived to 
the sixteenth and nineteenth days postoperatively (Chart 4) 


4 5 
days 


25 4 
days 


Gastric Ulcer 
Average Stay in Hospital 


Mortality Cases 

Average Stay 4 5 Days 
1st day 4 cases 
2nd day 5 cases 
3rd day 2 cases 
4th day 2 cases 
6th day 3 cases 
7th day 2 cases 
8th day 1 case 
9th day 1 case 
11 th day 2 cases 


Duodenal Ulcer 
Average Stay in Hospital 

Mortality Cases 

Average Stay 7 2 Days 
1st day 4 cases 
7th day 1 case 
1 2th day 1 case 
16th day 1 case 
19th day 1 case 

Cii^RT 4 — Shouing the length of hospitilization of gistnc and duodenal ulcer cnse«? 

T'lvie Bchveen Pofoiatwn and Admission to Hospital — The average 
lapse of time between admission to the hospital and peiforation, in our suc- 
cessful cases, was 44 hours m the gastric ulcei gioup, and 128 hours 111 
the duodenal group The average time in the fatal cases was 244 hours in 
the gastric and 29 6 hours in the duodenal ulcer group The average time 
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in all cases was 8 8 houis in the gastiic iilcei gioup, and 179 horns in the 
duodenal ulcei patients (Chait 5) 

Gastric Ulcers Duodenal Ulcers 


Successful Cases 


Fatal Cases 


Average All Cases 




Cu\kt 5 — bhownij^ the I ipse of time bctuccn 'idmission and perforation 



Fig 


-Roentgenogram of perforation of gastric ulcer shoeing obliteration of Iner dulness, with 

air under both diaphragms * 
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Eliason and Ebeling^® state that if opeiation is perfoimed within six hours, 
the mortality is 7 5 per cent, from six to 12 boms, 329 per cent, from 12 
to 24 hours, 354 per cent, and from 24 to 48 hours, 67 5 per cent The 
shortest time element in our senes was 20 minutes fiom the onset of acute 
symptoms, the longest, a patient in whom perforation occurred five days be- 
fore admission The lattei case died Moitahty is in diiect ratio to the 
lapsed time between pei f 01 ation and operation As stated at the outset, “The 



Fig 4 — Roentgenogrim of perforation of gastric ulcer showing air and fluid under right diaphragm 


sun must never use 01 set without an attempt at the lelief of the pathology ” 
Physical Signs — The most common physical sign of gastric or duodenal 
perforation is board-hke rigidity of the abdomen, extending from the uppei 
abdomen, downward, depending on the amount of fluid that has escaped into 
the peritoneal cavity, and that which has run down the lumbar gutters into the 
pelvis Fluid may also pass upward to the undersurface of the diaphragm and 
may be identified by roentgenologic examination Rigidity is larely absent, but 
may be moderate 01 slight 
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Livei dtilness is another impoitant sign Its absence indicates a con- 
dition of pneiiinopei itonenm, oi an between the livei and the diaphiagm, and 
IS indicative of peifoiation of a hollow oigan, usually the stomach oi duo- 
denum, moie laiely the small intestine Livei dulness was noted as “absent” 
in 28 of oui gastric ulcer perfoi ations and in foui of oui duodenal ulcei pei- 
foiations In 48 gastric and 15 duodenal ulcer cases, no mention of this finding 
was made in the physical examination, piobably indicating that livei dulness 
was piesent (Table IV) 

Table IV 

THE RELATIVE EREQUENCI OE VARIOUS PHYSICAL SIGNS 


Rigidity 

Gastric 

Ulcers 

Duodenal 

Ulcers 

Marked 

69 

18 

Moderate 

5 

2 

Slight 

5 

2 

None 

I 

I 

Mass in abdomen 

I 


Liver dulness 

Absent 

28 

4 

Present 

5 

4 

Not indicated but probably present 

48 

15 


Chmcal Findings — ^When peiforation occurs the pulse may become rapid 
and thieady, but by the tune the patient reaches the hospital the temperature 
aveiages 992° F, pulse 82, m patients vith gastric ulcer, and 1002° F, 
pulse 98, in those with duodenal ulcei A temperatuie of 102° 01 103° F , and 
a pulse late of no to 120 on admission, are indicative of peiitomtis and 
piedicate a giave piognosis 

The aveiage leukocyte count on admission in oui series was 14,900 in the 
gastiic ulcei cases and 13,300 in patients with duodenal ulcer, an aveiage of 
85 and 84 pel cent polymorphonucleai leukocytes, lespectively In many 
instances the counts weie much higher, but m the veiy critical cases, the 
polymoi phonucleai leukocytes weie low. indicating pool lesistance In eveiy 
such instance the patient died (Table V) 

Table V 

CLINICAL riNDINGS ON ADMISSION 


Average 

Gastric 

Ulcers 

Duodenal 

Ulcers 

White blood cells 

14,900 

13.300 

Pol3TOorphonuclear leukocytes 

85% 

84% 

Temperature 

99 2° 

100 2° 

Pulse 

82 

98 


Picopeiafive Diagnoses —F^mety-two point six per cent of all cases of 
perforated gastric ulcer weie diagnosed correctly preoperatively The remain- 
dei V ere diagnosed as acute appendicitis In these, the appendix was found to 
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be noimal at opeiation, with evidence piesent of local peiitonitis and fiee 
fluid due to a peifoiated gastiic ulcei In the duodenal ulcei cases, intestinal 
obsti action and gastiic ulcei peifoiations weie eiioneously diagnosed in 
three cases (Table VI) 


Table VI 

PREOPERATIVE DIAGNOSES 

Gastric Ulcers Duodenal Ulcers 

Perforation 75 or 92 6% Intestinal obstruction i 

Acute appendicitis 6 or 7 4% Gastric ulcer 2 

Perforated duodenal ulcer 17 

Roentgenologic Examination — In cases of peifoiatioii of the stomach and 
duodenum, failuie to demonstiate gas by 1 oentgenologic examination may 
occui in moie than 25 pei cent of cases The use and lesults of 1 oentgenologic 
examination m oui gastiic ulcei senes are shown in Table VII One case 
showed defoimity of the jDyloius, and at opeiation, an ulcei of the pylorus 
was found which had peifoiated but had become fieshly sealed In anothei 
case, 1 oentgenologic examination shoued an hour-glass stomach, and at opera- 
tion a peifoiated ulcei on the anteiioi wall of the stomach was found adheient 
to the anteiioi abdominal wall Thiee cases showed pyloiic stenosis with 
letention and all thiee weie opeiated upon, with the following sequence of 
events One piesented an ulcei which peiforated dining handling at the time 
of opeiation, anothei perfoiated two weeks aftei the 1 oentgenologic examina- 
tion, and the third, three months theieafter 

Tabie VII 

INTERPRETATIONS OE THE ROENTGENOLOGIC EXAMINATION OF 
PERFORATED GASTRIC ULCERS 

26 cases examined before operation 
18 plain films 

Air under diaphragm 
Air and fluid under diaphragm 
Negative findings 

8 with barium meal 
Perforation during examination 
6 hours after meal 
10 hours after meal 
24 hours after meal 

Deformity of the pylorus 
(sealed perforation found) 

Hour-glass stomach 

(perforation sealed anterior abdominal 
wall) 

Pyloric stenosis 3 cases 

(r) Ulcer perforated during operation 

(2) Ulcer perforated two weeks later 

(3) Ulcer perforated three months later 
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(32%) 

10 cases (55 5%) 
3 cases (16 6%) 
5 cases (27 7%) 

3 cases 

I case 

I case 
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In the duodenal ulcer senes, foui of 23 (174 pei cent) ^\ele examined 
roentgenologically (Table VIII) 

Table VIII 


INTERPRETATIO^S OF THE ROENTGENOLOGIC EXAMINATION 
or PERFORATED DUODENAL ULCERS 


Cases examined 
PJam films 

Air under diaphragm 
Negative 

With banum meal 
Duodenal ulcer 


4 out of 23, or 17 4% 
2 cases 
I case 

1 case 

2 cases 
2 cases 


Opeiahve Pi ocedw cj —Fifty-eight of our 81 gastric ulcer perforations had 
simple closuie of the peiforation with 24 i per cent mortality, four had simple 
closuie of the ulcer plus appendicectomy, with 25 per cent moitahty, 13 had 
piimary closure plus gastro-entei ostomy, with 30 7 P®^' mortality Two 
patients who had pi unary gastric resection at the time of peiforation suivived 
Two cases were drained, with 50 pei cent mortality One of these patients had 
a large, bilateral subdiaphragmatic abscess with an and pus under the dia- 
phiagm No distinct peifoiation could be identified at opeiation but latei, 
roentgenologic examination showed the piesence of a perforating ulcer This 
patient survived The other patient was a late case with a peifoiation iieai 
the caidia that could not be properly sutured In spite of diamage, the 
patient died Two cases weie so ill that opeiation uas conti aindicated and 
both died The types of operation pei formed and the mortality of each aie 
shown in Table IX 


Table IX 

RLSUMf or RESULTS OV OPERATIONS TOR PERFORATED GASTRIC ULCERS 


Type of Operation 

Cases 

Deaths 

Mortality 
Per Cent 

Closure 

58 

H 

24 I 

Closure and appendicectomy 

4 

I 

25 

Closure and gastro-enterostomj’- 

13 

4 

30 7 

Gastric resection 

2 

0 

0 

Drainage only 

2 

I 

50 

No operation (too ill) 

2 

2 


Totals 

81 

22 

27 I 


In the duodenal ulcer cases, practically the same statistics prevailed, as 
shown by Table X Sixteen had simple closure, with four deaths, or 25 per 
cent mortality three had closuie plus immediate gastio-enterostomy, with 
33 per cent mortality, and one had closure of the perforation plus stretching 
of a seemingly closed gastio-enterostomy that had been performed tuo years 
previously for duodenal ulcer This second piocedure \ias followed by recov- 
ery and the patient has remained well for 12 }eais Primary lesection was 

* Robert T Morns'*® reports a case of unusually large perforation at the site of an 
old gastric ulcer He did not close the perforation but placed a large wick drain down 
to the opening The patient made a good recoverj 
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pel formed m one case but the patient succumbed to an apparent cardiac 
failure during opeiation Two cases weie not operated upon because they 
were too ill The total average moi tality m the operated duodenal ulcer cases 
was 34 7 per cent 

Table X 


RLSUME or RESULTS OF OPERATIONS TOR PERFORATED DUODENAL ULCERS 


Type of Operation 

Cases 

Deaths 

Mortality 
Per Cent 

Closure 

16 

4 

25 

Closure and gastro enterostomy 

3 

I 

33 

Closure and stretching of a previous gas- 
tro-enterostomy 

I 

0 

0 

Resection 

I 

I 

100 

No operation (too ill) 

2 

2 


Totals 

23 

8 

34 7 


If we now compare our own statistics with those of other authors, here 
and abroad, as shown m Table XI, the outstanding fact is that the average 
moitahty in a laige series of cases, that is more than 50 cases, is between 20 
and 25 per cent A few reports aie remarkable for their low mortality rate 

Table XI 

COMPARATIVE OPERATIVE MORTALITY AND TYPE OF OPERATION 






Gil- 







Pres- 



mour 






ent 

Guth- 

Mat- 

Sear and 

Wood 

Gra- 

But- Bren- 

Til- 

Me 


Series 

tmglyi 7 Smith*® by*^ Saint 0 all * 

ham^® 

ler s ner^"* 

ton^s 

Creery*^ 

No of cases 

104 

42 

91 

41 33 64 

36 

60 

47 27 

52 

170 

Per cent mortality 

27 5 

166 

14 2 

61 61 47 

13 9 

3 3 

63 3 7 

I 9 

20 5 

Simple closure 

78 

42 

90 

39 33 63 

31 

60* 

27 

52 


Closure and gastro- 










enterostomy 

16 


I 

2 I 

I 

16 



22 

Secondary gastro- 










enterostomy 

5 

3 

4 


8 




3 

Pyloroplasty 







47 






22 For- 

22 For- 









eign 

eign 









Clin- 

Clin- 

Graves 







USA 

ics 

ics 

Schmie- 



Eha 




1921-- 

1921- 

1921- 

den 

Rhodes 

son 




1933 

1932 

1932 

Clinic 

and 


and 




44 

Indi- 

Com- Sha- 

Frank- 

Col- 


Ebel- 



Sources ® 

viduals 

bined wan^s 

furt 

lins 7 

James ® 

hng*® 

Black 9 

No of Cases 



3121 

S061 227 

144 

IS5 

75 

74 

50 

Per cent mortality 


25 9 

22 6 

23 9 24 2 

26 

25 

24 

47 2 

8 

Butler^^ believes that simple closure should be 

undertaken by all 

except 


the most experienced surgeons, and that, wheie the elapsed time is under six 
hours and the ulcer is duodenal and chionic, with moderate induration and 
deformity, excision of the ulcer should be performed, continuing the incision 
through the pyloric ring and suturing the wound transversely If the ulcer 
be callous, the deformity gieat, and the time under six hours, a posterior 
gastro-enterostomy might well be performed In gastric perfoi ations, only a 

* This simple closure was by free or pedunculated fat graft tied over the perforation 
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simple closure with possible cauterization or excision of the ulcei inaigin 
should be perfoimed regaidless of the tune of peifoiation Woodall-^ feels 
that any additional surgeiy, such as gastro-entei ostomy, excision of the ukei, 
or pyloroplasty, pei formed at the time of piiinaiy closuie of the perfoiation, 
adds a definite risk and can be justified only by the piospect of unquestioned 
benefits acciuing therefiom 

It IS the consensus of opinion, in which our expeiience causes us to conciii, 
that simple closure is the safest proceduie Secondaiy gastio-entei ostomy is 
larel}'’ required, and is safei as a secondaiy proceduie when definitely indi- 
cated 

We used geneial anesthesia when opeiating upon 64 gastric and 14 duo- 
denal ulcer cases Spinal anesthesia was used nine times in gastiic and foui 
times m duodenal ulcers It was necessary m a few instances to supplement 
the spinal anesthesia with a geneial anesthetic Local anesthesia was used 
twice 111 each gioup (Table XII) 

Table XII 

ANESTHESIA 

Gastric Duodenal 


Ulcers Ulcers 

General 64 14 

Local 2 2 

Spmal 9 4 

General and spinal 4 i 


79 21 

Apparently, 111 early cases it does not make much difteience whethei 
patients are diained or not We agree with Woodall-^ that diainage is indi- 
cated, and is of value only m the giave, late cases In oui series, diains 
were used as follows 


Cases 

Drained 

Died 


Table XIII 

DRAINS 

Gastric Duodenal 

Ulcers Ulcers 


79 21 

28 (35 4%) 7 (33%) 

14 (50%) 5 (71 4%) 


Pathology — The peiitoneal fluid was cultuied 111 15 gastric ulcer perfoia- 
tions and was sterile 111 nine (60 per cent) In six instances, the repoits of 
the cultuie ueie positive (i) Mic) ococats pliaj yngococcus siccus, (2) 
Staphylococcus albus znd vindam, (3) pneumococcus, Type $ , (4) Staphyl- 
ococcus aihus, (5) bacillus diphthei oid , and (6) short-strain Streptococcus 
gram-negative Diplococci and gi am-negative Bacilli The only positive cultui e 
m the duodenal gioup was a Staphylococcus albus 

Ihe aveiage, appioximate, size of peifoiation in the gastiic gioup At as 
5 8 aim , m the duodenal group, 7 2 aim The smallest pm-point peiforations 
vere appioximately 2 aim in diametei The largest, of a gastiic ulcer, vas 
18 aim, and this patient died Another patient, vith a 20 aim perforated 
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duodenal ulcer, lecovered Apparently the size of a peifoiation had no direct 
I elation to piognosis 

The closer the peifoiation was to the pylorus the bettei the prognosis, 
the neaier to the caidia, the woise The great majority of gastiic ulceis 
occuiied close to the pylorus The majority of perforations of the duodenum 
were m the fiist portion Fourteen weie m this region, five in the second 
poi tion, one on the postei lor wall, and in three instances the location was not 
stated 

The pathologic findings aie summaiized m Table XIV 

Table XIV 


SUMMARY or THE PATHOLOGY OE THE PERFORATED ULCERS 


Culture 

Reported 

Sterile 

Positive 

Size of perforation (approximate) 
Average 
Smallest 
Largest 

Location of perforation 
At pylorus 

I "~2 from pylorus, lesser curvature 
I " or more from pylorus 
Anterior wall, greater curvature 
Posterior wall , sealed 
Near cardia 
No perforation seen 
1st portion 
2nd portion 
Posterior wall 
Not noted 


Gastric Ulcers 

15 

9 

6 

5 8 Mm 
2 Mm 

18 Mm (died) 


Duodenal Ulcers 

3 

2 

1 

7 2 Mm 

2 Mm 

20 Mm (cured) 


55 

17 

3 

I 

I 

I 


14 

5 

I 

3 


Pie- and Postopciative Coinphcations — The pie- and pobtopeiative com- 
plications of the gastiic nlcei cases aie shown in Tables XY and XVI 


Table XV 


COMPLICATIONS IN ADDITION TO PERFORATION OF GASTRIC ULCER 


No of 


Cases 

Preoperative 

Postoperative 

Result 

I 

Mitral stenosis and insufficiency 

Pneumonia 

Death 

5 

General peritonitis 

Bronchopneumonia 

5 deaths 

I 

Hyperthyroidism 

Parotitis 

Cured 

I 

Operation for perforated gastric 
ulcer one year before 


Cured 


In Woodall's seiies^^ of 26 traced cases, ten were reoperated upon sub- 
sequently, two were foi second perfoiations occurring four and 12 months 
after the oiiginal peifoiation, the leinaming eight were for obstruction occui- 
ring six weeks to 14 years after the pi unary perfoiation Five of the eight 
obstiuctions developed within one year of the original operation, two within 
three years, and one within 14 yeais 

In our duodenal gioup, there weie 12 cases with pre- and postoperative 
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Table XVI 


POSTOPERATIVE COMPLICATIONS OP PERPORATIONS OP GASTRIC ULCER 


No of 


Operation Cases 

Closure 3 

Closure 2 

Closure 2 

Closure i 

Closure i 

Closure i 

Closure 3 

Closure i 

Closure i 

Closure 2 

Closure 7 

Closure i 

Closure and appendicectomy i 
Closure and appendicectomy i 
Closure and gastro-enteros- 
tomy I 

Closure and gastro-enteros- 
tomy I 

Closure and gastro-enteros- 
tomy I 

Closure and gastro-enteros- 
tomy I 

Drainage i 


Result 

Complication Cured Died 

Pjdoric stenosis, all 3 3 

Parotitis, both 2 

Wound disruption, pneumonia, both 2 
Phlebitis femoral vein i 

Pleurisy i 

Subphrenic abscess, drained i 

Wound infection, all 3 3 

Atelectasis left lung i 

Atelectasis right lung i 

Bilateral pneumonia, both 2 

Peritonitis, general, all 7 7 

Subphrenic abscess, peritonitis i 

Bronchopneumonia l 

Peritonitis i 

Wound infection i 

Wound disruption i 

Pneumonia i 

Gastric hemorrhage i 

Sepsis I 


complications One case had had a cholecystectomy and an append icectoni)^ 
one yeai pieviously Two patients had positive Wasseimann reactions and 
lecoveied without complication Two had postopeiative wound infections, 


Table XVII 

PREOPERATIVE AND POSTOPERATIVE COMPLICATIONS, BESIDES PEREORATION, 

OF DUODENAL ULCERS 



No of 

Preoperative 

Postoperative 

Result 

Operation 

Cases 

Complication 

Complication 

Cured 

Died 

Closure 

2 


Wound infection , both 

2 


Closure 

I 

Cholecystectomy and 






appendicectomy i 






3’^ear before 


I 


Closure 

2 

Syphilis, both 


2 


Closure 

I 


Duodenal hemorrhage 

I 


Closure 

2 

Peritonitis 

Pneumonia 


2 

Closure 

I 

Ileocecal resection for 

Pentonitis 


r 



Ca 9 \ ears before 




Closure 

I 


Subphrenic abscess, op- 


X 




eration 



Closure and 

I 


Lung abscess 


I 

gast -ent 






Closure and 

I 

Gastro-enterostomy 


I 


Stretching of 


two years before 





gast -ent 
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and one had a duodenal hemoirhage All of these cases were operated upon 
with simple closuie of the peiforation The complete analysis is shown m 
Table XVII 

Readmnsions — Fifteen of the cases of gastiic ulcei perforations weie 
readmitted to the hospital after the first operation , two were readmitted twice, 
dying at the time of second readmission Five duodenal ulcei cases were 
leadmitted a second time A complete analysis of the readmissions is shown 
111 Table XVIII 


Table XVIII 

ANALYSIS or INSTANCES OF READMISSION FOLLOWING OPERATION FOR 
PERFORATED GASTRIC ULCER 


Cause 

Previous 

Operation 

Time 

Elapsed 

Treatment 

Immediate 

Result 

Bleeding ulcer 

Closure and gas- 

9 yrs 

Gastric resection 

Cured 

Pam, vomiting and 

tro- enterostomy 
Closure 

2 yrs 

Gastric resection 

Cured 

hemorrhage 
Marginal ulcer, vom- 

Closure and gas- 

r yr 

Gastric resection 

Cured 

iting, hemorrhage 
Pneumonia 

tro-enterostomy 
Closure, secondary 

7 yrs 


Died 

Ulcer symptoms, 

gastro-enteros- 

tomy 

Closure and ap- 

J yr 

Duodenal tube 

Cured Operated 


vomiting pendicectomy 

Ulcer symptoms, Closure 
vomiting, duo- 
denal ulcer 
Ulcer symptoms, I 
hemorrhage > Closure 
Pam and vomiting I 

Ulcer symptoms, 1 

-r» j ^ } Closure 

Pam and vomiting j 

Peritonitis (cause Closure and gas- 
unknown) tro-enterostomy 

Pylonc stenosis Closure 

Pylonc stenosis Closure 

Pyloric stenosis Closure 


Closure 


Closure 


Closure 


feeding on 2 yrs later 

for ulcer, else 
where 

5 yrs Operation ad- Unimproved 
vised, refused 


/syrs \ 

\6 mos J 

/5yrs \ 

(7 mos / 

7 mos 


Duo ulcer, x-ray 
evidence 

Perforation, ulcer 
Pam, hemorrhage, 
\-ray evidence of 
retention , re- 
gional ileitis, co- 
litis 


Closure 

Closure 

Closure 

Closure 


7 mos 


9 mos 


i}^yrs 


Sippy diet 

Sippy diet 

Drainage 

Gastro-enteros 

tomy 

Gastro-enteros 

tomy 

Gastro-enteros 

tomy 

Gastro-enteros 

tomy 

Closure 

Sippy diet 


f Improved 
\Died 

I Improved 

\Died 

Died 


Cured 

- Cured 

- Cured 

- Cured 

Cured 

Improved 
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READMISSroX DUODENAL 

ULCER CASES 


Prewous 

Time 


Immediate 

Cause Operation 

Elapsed 

Treatment 

Result 

Pylonc stenosis Closure 

I yr 

Gastro-enteros- 

Cured 

Pyloric stenosis Closure 

7 3 rs 

tomy 

Gastro-enteros- 

Cured 

Perf ulcer with pen- Closure 

22 mos 

tomy 

Died 

tonitis, 6 days 

Duo ulcer, symp- Closure 

4 mos 

Medical treatment 

Improved 

toms 

Ca tongue, tonsils. Closure 

10 yrs 

Gastrostomy 

Died 

nodes 


FoUozv-Up of Gashic Ulco Petfoiations — ^We have classified the fol- 
low-up (Table XIX) according to the type of operation performed, namely, 
simple closure, closure plus gastro-enterostomy, gastric resection and diam- 
age 

Simple Closine — Of 62 cases that had simple closure, 15 are known to 
be dead, 47 alive Of these 47, 24 (51 per cent) have been followed to 
date, an average of five years Fifteen w'ere followed for six months to seven 
years but w^ere finally lost to follow-up (average time follow^ed, three years) 
Three cases died latei, and of five cases w^e hare no follow^-up at all Of the 
24 follow^ed to date, 21 (87 5 per cent) are w^ell, three have symptoms but 
are w'ell if they maintain a diet Of the remaining 21, one w'^as recently 
operated upon foi cholelithiasis, but has had no ulcer syunptoms, one had a 
cautei ization and pyloroplasty elsew hei e, four had a secondai y gastro-entei os- 
tomy Of the 15 cases lost to follow^-up, one w^as knowm not to be w^ell after 
five years, anothei had a secondary operation (probably gastro-enterostomy) 
111 Sw^eden, ten months after the first procedure, and w^as well three years 
later , and another case had signs of stenosis five } ears later, for w^hich gastro- 
enterostomy^ w'as advised 


Table XIX 


FOLLOW-UP RESULTS ON CASES OPERATED UPON 
FOR PERFORATED GASTRIC ULCERS 


No of cases followed to date 24 

Well 21(875%) 

Ulcer symptoms 3 


Analysis According to Procedure 


Procedure 

Closure 

Closure plus 
gastro en- 
terostomj 
Resection 
Drainage 


Xo 

Followed Per Time A\er Followed Tirae A\cr Died 
Cases Dead Ah\e to Date Cent Followed Time But Lost Followed Time Later 

IS 47 24 51 6 mos to 5>rs 15 6 mos to 3 >rs 3 

73 yrs 7 >rs 

0 6ito94\rs2 

yrs 


2 n 

2 I I 


I I >r 

I 3 mos 


Xo 

Record 

5 

I 


I 
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Primmy Cloiwe Plus Gash o-Ente) ostomy — Of 13 cases, four are known 
to he dead None of the remaining nine have been followed to date, but six 
were followed fi oni one to nine years, and were well when last seen 

Piimaiy Resection — One case was followed a year and was well at that 
time The other case was lost to follow-up 

Pumaiy Diamage — One case was followed for three months and then 
lost The othei patient died 

Follozv-Up of Duodenal Ulcei Peifoiatwns — Simple closure was pei- 
forined in 17 cases, of whom foui aie dead Six have been followed to date 
(46 I pel cent) Of these, four are well and two have ulcer symptoms 
Anothei thiee cases weie followed fioin one month to two 3^eais Thiee 
died later, and one case was not followed at all Of three cases who had 
primal y closuie plus gasti o-enterostoiny, one died, one was followed for 
ten yeais, and was lost to follow-up but was well at that time, and the third 
was not followed (Table XX) 

Table XX 

rOLLOW-UP RESULTS ON CASES OPERATED UPON 
FOR PERFORATED DUODENAL ULCERS 

No of cases followed to date 6 

Well 4 (66 6%) 

Ulcer symptoms 2 

Analysis According to Procedure 
No 

of Followed Per Time Aver Followed Time Aver Died No 

Procedure Cases Dead Alive to Date Cent Followed Time But Lost Followed Time Later Record 
Closure 17 4 13 6 461 4 mos yrs 3 i mo to i yr 3 i 

to 12 2 yrs 

yrs 

Closure plus 312 i 10 yrs l 

gastro en 
terostomy 

Resection i i 

Analysis of Immediate Opeiative and Late Moitahty — The analysis of 
22 deaths following opeiation m the gasti ic ulcei senes is seen m Table XXI 
In seven of the 22 deaths, autopsy was perfoimed and the findings are re- 
corded An analysis of the eight operative deaths m the duodenal series is 
detailed m Table XXII The combined analysis is pi evented m Table XXIII 
Late Moitahty — In the gasti ic ulcei series, there were five late deaths 
One patient had had closuie and a gasti o-enterostoiny, with gastric resection 
a yeai latei for a marginal ulcer He died elsewhere, nine yeais later, from 
hemorihage fiom a marginal ulcer A second case died of pneumonia seven 
years after closuie and a gasti o-enterostomy Autopsy showed pneumonia 
and emp)'ema Two cases died, five and five and one-half years, respectively, 
aftei simple closure, from pulmonary embolism, proven at autopsy Both 
cases had been leadmitted with ulcer symptoms and were under medical 
tieatment at the time of death A fifth case died of peritonitis one year after 
closure and a gasti o-entei ostomy, of undetermined cause He had been oper- 
ated upon and drained (Table XXIV) 
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Table XXI 

ANAL'i SIS or OPERATIVE MORTALITY IN CASES OP PERFORATED GASTRIC LLCER 



Time of 
Perfora- 


Temp 

on 

Pulse 

on 


Time 

Post 

Opera- 

Cause of 

Autopsy 

Case 

tion 

Age 

Adm 

Adm 

Operation 

tion 

Death 

Findings 

I 

3 

hrs 

57 

101° 

120 

Closure 

2 hrs 

Cardiac 

failure 


2 

2 

hrs 

60 

99 ° 

80 

Closure and 
gastro- 
ent 

3 days 

Pentonitis 

Peritonitis 

3 

48 

hrs 

37 

100 4° 

128 

Closure 

2 days 

Peritonitis 


4 

3 M hrs 

30 

99 6° 

94 

Closure and 
gastro- 
ent 

3 days 

Pentonitis 


5 

6 

8 

24 

hrs 

hrs 

42 

44 

100 8° 

103 2° 

88 

122 

Closure and 
gastro- 
ent 

I day 

Gastric 

hemorr- 

hage 

Peritonitis 

(moribund] 

Gastric 

hemorr- 

hage 

1 

7 

5 

hrs 

38 

loi 4° 

80 

Closure and 
gastro- 
ent 

2 days 

Pneumonia 


8 

21 

hrs 

47 

102 0° 

1 14 

Closure 

53 days 

Subphrenic 
abscess and 
pentonitis 

9 

13 

hrs 

29 

loi 2° 

100 

Closure and 
appendi- 
cectomy 

4 days 

Pentonitis 


10 

ir 

36 

II 

hrs 19 
days 66 

98 6° 

140 

Closure 

I day 

4 hrs 

Peritonitis 

Peritonitis 

(moribund) 

Perforated 

1 Gastnc 
Ulcer and 
pentonitis 

12 

24 

hrs 

60 

lOI 2° 

no 

Closure 

2 days 

Pentonitis 


13 

48 

hrs 

53 

100° 

100 

Closure 

6 days 

Pentonitis 

Pentonitis 

14 

2K 

hrs 

50 

99 ° 

60 

Closure 

8 days 

Pneumonia 


15 

48 

hrs 

33 

100 8° 

104 

Closure 

4 days 

Pentonitis 


i6 

8 

hrs 

75 

99 2° 

78 

Closure 

7 days 

Pneumonia 

Pneumonia, 
2nd ulcer 
in duode- 
num 

17 

12 

hrs 

52 

loi 4° 

104 

Drained 

9 days 

Peritonitis 


i8 

24 

hrs 

66 

102 8“ 

96 

Closure 

7 days 

Pentonitis 


19 

6 

hrs 

56 

98 8° 

90 

Closure 

6 days 

Pneumonia 
and peri- 
tonitis 

Pneumonia 
and peri- 
tonitis 

20 

4 

da}s 

58 

103 2° 

108 

Closure 

4 da\s 

Pentonitis 

Pentonitis, 

2 Ulcers 
Perfora- 
tion of 
antenor 

one 

21 

2 

hrs 

50 

98 6 

76 

Closure 

II da}s 

Pneumonia 

(bilateral) 


22 

24 

hrs 

39 

100 6° 

124 

Closure 
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Table XXII 

ANALYSIS OF OPERATIVE MORTALITY IN CASES OF PERFORATED DUODENAL ULCER 



Time of 


Temp 

JPulse 


Time 




Perfora- 


on 

on 


Post 

Cause of 

Autopsy 

Case 

tion 

Age 

Adm 

Adm 

Operation 

Operation 

Death 

Findings 

I 

2 hrs 

44 

100° 

90 

Gastric re- 

On table 

Cardiac 







section 


failure 


2 


43 





Died 10 mm 

Perforated 








after ad- 

duodenal 








mission 

ulcer and 









pentoni- 









tis 

3 

4 hrs 

43 

99 6" 

114 

Closure and 

7 days 

Lung ab- 







gastro-ent 


scess 


4 

24 hrs 

54 

99® 

90 

Closure 

19 days 

Subphrenic 









abscess 


5 

48 hrs 

61 

100 S'" 

IIO 

Closure 

12 days 

Pentonitis 

Pentonitis 


perfora- 
tion of 


gall- 
bladder 
Stone in 
common 
duct 


4 days 

45 

100 6° 

120 


10 hrs 

Peritonitis 

Peritonitis 
Perfo- 
rated 
duodenal 
ulcer 
(l inch) 

48 hrs 

63 

103 4° 

128 

Closure 

I day 

Peritonitis 


5 hrs 

63 

102® 

120 

Closure 

7 days 

Pneumonia 

Pneumonia 

Perfora- 


tion (i of 
2 ulcers) 
and di- 
verticu- 
lum of 
duode- 
num 


Table XXIII 

SUMMARY OF STATISTICS IN TABLES XXl AND X\ll OF THE CASES DYING FOLLOWING 
OPERATION FOR PERFORATED GASTRIC AND DUODENAL ULCERS 


Gastnc ulcers, 22 
cases 

Duodenal ulcers 8 
cases 


Time Cause of Death 


Time of 
Perfora- 
tion 

Age Temp 

Pulse 

Post 

Opera- 

tion 

Pento 

nitis 

Pneu- 

monia 

Cardiac 

Failure 

Sub- 

phrenic Hemorr- Lung 
Abscess hage Abscess 

32 8 hrs 

48 

100 6° 

100 

6 days 

14 

5 

I 

I 

I 

32 4 hrs 

52 

100 8® 

no 

SM days 
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ANAI\S1S01 I.All MOUIAIJU I 01 UWlNf. Ol’IU \ 1 ION’S Ul'ON I'lUl OUA 1 ID (. HK 01 C I KS 




Latei S\inptoinsoi 




h'list Opel at inn 

Opel at ion 

Cause of De ith 

AutoiisN Findmps 

1 

Closme plus jjas 

Maipinal iiliei .ind 

Died elsew hei e 9 \ rs 



tio cut ei ostomy 

past lie lesoc turn, i 

latei, fiom hemoii- 




M latei 

ihape 


A 

Closme plus pas- 

Pneumonia, 7 vis 

Pneumonia 

Pneumonia and 


tio-ent 01 ostomy 

latei 


einjiyema 

3 

Closme 

Uk et symptoms, 5,0' 

Sudden 

Piilmonai y embolism 



MS latei 



‘1 

Closme 

Uket sMiiptoms 5 

Sudden 

Piilmonai \ embolism 



MS latei 



5 

Closme til us pas 

Peiitomtis, 1 M latei 

Peiitomtis, eause un- 



tiorontei ostonn 


known 



Two of the duodenal ukei lases that had had sunple elosuie died latei. One h.ul a 
second peifointion months aftei the fnst and died of peiilonitis folhnvinjv opei.ition 
(conlnined h\ antoi)s\ ) Anothei patient was usulnnUed si\ weeks aftii disihaipe fol- 
lowing piiniatv closine and died fioin pnenmoni.i and nephiitis soon aftoi tins admission 
(Table XXV) 


Taiui. XXV 

ANVnsiS 01 lAll MOUIAIUY 1 011 OWING Ol'l UA'UONS UPON PMUOUAlll) 


Fust Opeiation 

Duoni NAt, ui Cl us 

Latei SMuptoms 01 

Opeiation Cause of Death 

Autopsy Findmps 

I Closm e 

Closme 2nd peifora- I’eiitonitis 

Peiitomtis and myo- 


lion, 22 mos latei 

eaiditis 

2 Closm e 

lb onehopneumoma Pneumonia 



plus nephiitis, 6 
wks. later 
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POSTAPPENDICEAL ABSCESS IN THE RECTOVESICAL 
POUCH TRANSRECTAL DRAINAGE 

C Peemont Vale, MD 
Detroit, Mich 

FROM THE SURGICAL DEPARTMENT, MAINE UNI\ ERSITF SCHOOL OF MEDICINE, AND DETROIT KECBI\TNQ HOSPITAL, 

DETROIT, MICH 

Any further reduction in the tragically laige number of deaths occur- 
ring annually because of disease beginning in the appendix must be obtained 
by more successful treatment of its complications Definite advance m the 
more efficient caie of the late cases has been made m recent yeais A more 
studied judgment as to the proper time to operate is seen, together tvith a 
will to delay, if it seems wise, against the impoitunities of family and friends 
The disease is being allowed to subside completely m more patients, who 
letuin later for a safe interval appendicectomy The nasal catheter to which 
Wangensteen-^ added continuous suction, the Miller- Abbott intestinal tube 
which Abbott and Johnston^’ have applied to ileus and obstruction, the 
wider use of pai enteral fluids which Collei and Maddock** have indicated how 
to employ with greater accuracy, and the simplification and freei use of blood 
transfusion, have aided materially in impioving the treatment of peritonitis, 
ileus, obstruction and malnutrition 

Abscess in the rectovesical pouch following removal of the acute oi eaily 
perfoiated appendix is one complication which has not leceived the emphasis 
it deserves, either as to diagnosis oi treatment As to the latter particulaily, 
theie is a marked diveigence of opinion The diagnosis, ue must conclude, is 
not made, all too often, because this condition is not even m mind Dining the 
last three yeais my associates and I have seen 26 cases which in our judgment 
have requiied drainage of an abscess in the rectovesical pouch Twenty-one 
of these have occuired in 785 cases at Receiving Hospital, thus, at a rate of 
2 67 per cent The other five have been seen in consultation The incidence 
here is estimated at a lower figuie, as would be expected in private patients 
It has become perfectly evident that the moie constantly we have this compli- 
cation in mind the more often we find it 

The pictuie is m part the same as that of any othei concealed abscess, 11- 
regular fever, malaise, lack of appetite and elevation of the leukocyte count 
More often this appeals somewhere fiom the fouith to the seventh postopera- 
tive day to spoil what promised to be a happy convalescence Not infi equently, 
houever, the postopeiative course is unsatisfactory fiom the beginning, the 
fever, distention and leukocytosis showing little evidence of approaching nor- 
mal Nather and Ochsner^~ add a third general type which appears much 
later We have not yet seen a case belonging to this group Frequency of 
stool IS common, often with the complaint of fullness in the rectum which def- 
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ecation does not relieve Mucus is usually present in the stool In two cases 
reported here this was so abundant that practically clear mucus was extruded 
from the anus almost constantly Bailey- says this is pathognomonic of ab- 
scesses in the rectovesical pouch Haggard^^ would seem to agi ee This has 
proven true m our experience It is due to excessive stimulation of the mucous 
glands of the rectum by the adjacent infection If the abscess is in contact with 
the bladder wall, theie may be urinary symptoms consisting of frequency, 
urgency, even tenesmus and pain The urine may show pus cells We have 
found this 111 but two cases m this series However, one was quite severe, 
having ill addition, edema of the sciotum extending to the perineum 

Some degree of distention of the small intestine, fiom that questionable 
upon inspection but evident from increased tympany m the lower abdomen, 
to extensive ballooning, has been deteriiimed to be present in eveiy case In 
lime cases it amounted to clinical obstruction, with colicky pain, nausea, voiiiit- 
iiig, increased audible peristalsis, and confirmatory plain i oenlgenogram 
Since this has been so prominent m oui experience \\ e etiiphasiEe the necessity 
of looking foi a pelvic abscess when obsti uctive symptoms appeal in the post- 
opeiative couise of peifoiative appendicitis 

Relaxation of the lectal sphincter is piobably piesent to some degree in 
eveiy case Since the tonus of the sphinctei is not constant in all persons it is 
often difficult to be certain of this sign unless daily rectal examinations are 
made by the same surgeon, and with this point definitely m mind It can be 
ascei tamed with assurance m well ovei 50 pei cent of cases and is of gi eat value 
111 making the diagnosis 

As the finger leaches a point just above the pi estate a mass is felt It 
usually bulges into tbe anteiioi lectal wall, often to a marked degree, is soft 
and cystic, suggesting that fluctuation might be obtained if the mass were ac- 
cessible to two fingers This sensation is not always present, however At 
times, when the abscess has formed slowly, or has been discovered late, the 
mass IS mduiated and pitting edema will be a palpable finding Tenderness 
IS piesent but the degiee is usually surpiismgly less than the exquisite tendei- 
iiess associated with confined pus Some, and probably most, abscesses m the 
lectovesical pouch foiin there because of immediate gravitation of infection’ 
following peifoiation In these, tenderness is at fiist the only evidence of the 
mipeiidnig pathology, the mass foimmg later It is interesting to note that m 
a feu cases the abscess formed higher up and its pi ogress downward could be 
followed until it i cached the iiiidline just above the piostate In some it could 
be felt supiapubically befoie the finger in the rectum could reach it 

Theie is, so far, no unanimity of opinion as to what may be done at the 
pimiaiy opeiation to pi event the formation of pelvic abscess The argument 
centeis around the question of drainage It swings from the dogmatic posi- 
tion of Biuim'^ and otlieis, never to dram in pelvic appendicitis to that of Eliot 
and Pickhaidt,^” and Evans,^- who believe such abscesses indicate defective 
diainage Eliot and Pickhardt adrise washing out the pelvis with saline, 
dr}, and placing a drain down into the rectovesical pouch Sloaii”" 
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believes that leaving the pelvic dram in place for a week and withdrawing it at 
the rate of 2 cm a day will reduce the incidence Brunn,^ however, expects 
some abscesses to occui, but does not greatly fear them The practice to-day 
IS largely midway between these extremes Most cases with free fluid in the 
pelvis are probably treated by removing the fluid by suction and inserting a 
pelvic di am In three of our cases there was no dram used , m seven, a dram 
was placed m the pelvis, and m the remainder m the right lower quadrant 
Any fluid present was removed by suction This seems to indicate that a 
certain number of abscesses will form m the rectovesical pouch no matter what 
procedure is used We have the impression that usually a dram m the pelvis 
IS more apt to do harm than be of value Buchbmder® believes that drams, m 
the presence of spreading infection, provoke residual abscesses 

In the tieatment of pelvic infection following appendicitis, there is agree- 
ment only m so far as conservative methods go Local heat, by irrigation or 
diathermy, togethei with general supportive measuies, will see many infec- 
tions clear up and even abscesses be absorbed 

Disagi eemeiit becomes evident when the method of di amage is considered 
It IS not the purpose of this paper to discuss drainage, but rather to advocate, 
as stiongly as possible, the transiectal approach for abscess m the rectovesical 
pouch The only condition is that the diagnosis be certain That this is not 
difficult IS shown by the fact that we have found pus m every case so ap- 
pioached Our results bear out the contention that this method is not only 
clinically sound, but the safest one All patients recovered Eight had clin- 
ically complete and one a partial obsti uction All were i elieved almost at once 
following di amage Convalescence was rapid Three patients w^ere discharged 
m three days, and five m four days The average for the group was 8 7 days 
Carson® noted that recovery was “amazingly rapid ” I am thoroughly satis- 
fied that no other method of treating these cases, seveial of whom were des- 
peiately ill, could have been attended with no fatality 

Objections to transrectal drainage are constitutional, theoretic, technical 
and arbitrary, but, wnthal, the)'- are more generall)'^ accepted than are the points 
m favoi Thorek^® says the suprapubic approach to pus m the pelvis is always 
preferable to evacuation through the rectum Bailey® insists this blind pro- 
ceduie has a well-earned reputation of being dangerous, and has justly been 
replaced by the saner suprapubic route V ery many will agi ee with these state- 
ments Some authors do not mention this route, even to condemn it But let 
us look at the objections to see how real they are and whether they can be 
overcome 

(l) It is unsurgical to enter the peritoneal cavity through such a grossly 
infected area as the rectum That would be true if it stated the whole case 
But it does not The fiee peiitoneal cavity is not entered Only a small, 
walled-off poition is involved, and it is already infected It is just anothei loca- 
tion wheie so-called “extraperitoneal drainage” may be effected We have 
seen no evidence that infection has been carried m, and have found no 1 eport of 
this by those who follow this plan 
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(2) It IS a blind procedure Is it any more so than the extrapentoneal 
drainage of any other mtra-abdommal abscess^ The posterior approach to 
subphremc abscess pioposed by Ochsner and Graves/® which has greatly re- 
duced the moitahty in that condition, could be called blind and must be care- 
fully perfoimed to prevent catastiophe The blindness of transiectal drainage 
would seem to consist in the size of the anal sphincter and the fact that one can- 
not visualize the surioundmg structures, which should not be done when the 
location of an abscess anywhere is known 

(3) Fecal fistula may be produced by perforating a loop of small bowel If 
the diagnosis is conect the small bowel will float on top of the pus and form 
part of the upper wall of the abscess Therefore, it cannot be damaged If 
such an accident should occur the opening would spontaneously close almost 
certainly, since that is the habit of enterostomies where obstruction does not 
exist 

(4) Herniation of small intestine through the opening into the rectum may 
occur McGregor^" reports such a case This complication could only occui 
if the incision in the rectal wall weie far too large and in a very early case 
This can in no way be an objection to the operation, but to the way it is per- 
foi med 

(5) Severe hemorrhage may occur from the rectal wall Since the blood 
supply enters the wall posteriorly, only terminal vessels are present at or near 
the midline anteriorly, to which area the drainage should be limited Nather 
and Ochsner^’'^ advise a midhne incision m the long axis of the rectum, while 
Evans^“ suggests that a transverse incision is more apt to avoid larger vessels 
Caison® believes the diiection of the incision is of no consequence We believe 
the opening should be made largely by a blunt instrument which gives a fui- 
thei safeguard Should a vessel of sufficient size to cause hemorrhage be inad- 
vertently severed it can easily be conti oiled There has been no hemorrhage 
m this series 

(6) There is danger of entering the bladder This is a hazard to be kept 
constantly in mind Richie^® advised routine preoperative catheterization 
This is good advice where any doubt exists We have seen a suspected ab- 
scess disappear through the catheter after the patient had voided However, if 
the surgeon assuies himself that the bladder is empty as well as that there is 
an abscess m the rectovesical pouch, the bladder will never be injured 

(7) The diainage opening will be constantly reinfected from inside the 
lectum and may not close This seems to be a wholly theoretic objection since 
no one seems to have had such an experience Moynihan,^® who used this 
approach, commented upon the rapidity of closure following such incision 
Some have felt that active measures should be taken to pi event closure too 
soon jS'Iany advise a dram for several days Burnett," Dou ney,^® Thorek,-® 
and others suggest keeping the opening patent by fiequent insertion of finger 
01 iiistuiment 

It A\ould seem that we are justified m concluding that if the surgeon brings 
to this operation the same relative knowledge of anatomy, surgical and diag- 
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nostic ability as he does to proceduies elsewheie in the body, none of these 
objections can be valid In the 26 cases in this series, as well as in several 
otheis in which this appioach has been employed by us to dram abscesses in 
the rectovesical pouch other than postappendiceal, no support for any of the 
above objections has been encountered 

Consideied judgment as to just when the patient needs this operation is 
important As suggested above, many infections in the rectovesical pouch, and 
some abscesses, will be absorbed just as they are higher up and need no drain- 
age Others will ruptuie spontaneously through the rectum, more frequently 
in children, but Boyce and McFettridge"* warn against leaving too much to 
nature When the abscess is large and early, even though very definite, delay, 
if the general condition will permit until the adhesions forming the wall are 
fairly film, will prevent pus breaking through and back into the general peri- 
toneal cavity as the abscess collapses On the othei hand, waiting too long may 
pi ecipitate this very serious and usually fatal complication We have seen this 
occur twice, once in a postoperative case which ruptured spontaneously both 
thiough the rectum and back into the general cavity (autopsy), and once in a 
primary pelvic abscess, doubtless of appendiceal oiigin (no autopsy) Both 
patients died promptly The danger of rupture into the bladder or retro- 
peritoneal tissues must be considered In the presence of obstiuction with 
abscesses in the rectovesical pouch, drainage should be prompt If the abscess 
is large and early, only a very small opening should be made, permitting slow 
evacuation Santy"^ warns against too rapid emptying when adhesions are yet 
not well organized 

The technic of the operation should be both simple and safe Anesthesia is 
usually not necessary The indications foi it are youth, lack of cooperation, 
fear, and marked tenderness A small amount of novocain (50 mg ) mtra- 
spinally is used for adults, and gas foi children Since the diagnosis of the 
condition and judgment as to suitability for transrectal drainage is largely made 
by digital examination, no better guide for incision can be used than the fingei 
Dilatation of the sphinctei is unnecessaiy to facilitate either the operation 01 
subsequent drainage No speculum is used The end of the index finger 
determines the point foi drainage Upon it a thin curved scissois is earned in, 
the mucosa is incised, the scissors closed, thrust into the abscess, slightly opened 
and withdrawn The opening should not be large enough to admit the fingei 
We do not employ a drain, prefeiring to reopen if necessary This has been 
necessary only once 

W e definitely disagree with the plan of making a preliminary suprapubic in- 
cision to locate the abscess and asceitain that it is well walled-off from the 
general cavity This we believe to be entirely unnecessary, prolongs con- 
valescence unduly and in at least one-thii d of our cases would in all probability 
have caused a fatal termination Buchbinder® correctly, we think, objects to 
pushing the fingei down the old drainage tract, because the lectal approach is 
safei 

That drainage of abscess in the rectovesical pouch by the suprapubic ap- 
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pioach, with uphill drainage through an uninfected portion of the peritoneal 
cavity IS not entirel)'’ satisfactory, is attested by the various methods devised to 
avoid It Some of these, aside from the transrectal, are inguinal, perineal, 
coccygopermeal, parasacral and ischiorectal The transrectal is the simplest, 
most direct, least mutilating, least productive of complications, and will be 
accompanied by the lou est mortality 

SUMMARY AND CONCLUSIONS 

(1) Attention is drawn to the occurience of abscess in the lectovesical 
pouch following operation for acute and perforative appendicitis 

(2) Symptoms and signs are reviewed which should lead to a positive 
diagnosis Fiequent rectal examinations should be made postoperatively m 
all cases of perforative appendicitis 

(3) Its relation to intestinal obstruction as an etiologic factor is empha- 
sized 

(4) Transiectal drainage is advocated as the method of choice m the male 
A simple technic is described 

(5) Objections to this approach are discussed 

(6) This procedure has been employed m 26 cases, with recovery in all 
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THE PRESENT STATUS OF CARCINOMA OF THE GALLBLADDER 


A STUDY OF THIETY-FOUR CLINICAL CASES 
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In presenting a communication on carcinoma of the gallbladder, the 
author is inclined to agree with Boyce and McFetridge,^ who stated that at 
the present time there is little or no excuse for the publication of a 
small series of cases However, when these cases were reviewed, and it 
was found that only one out of 34 was cured, and that a coiiect pieopeiative 
diagnosis as made in only four cases, it appeared that the condition desei ved 
continued study 

There is disagreement legarding the incidence of carcinoma of the gall- 
bladder Since veiy few cases are cured, we should be able to obtain an idea 
of the pievalence fiom the Bureau of Census moitality statistics Theie 
is difficulty, howevei, because m these statistics all carcinomata of the biliaiy 
tract aie grouped together Giaham,” m 1931, noted that caicmoma of the 
gallbladder and hvei accounted foi almost 10 per cent of all deaths fiom 
carcinoma m 1926, and he felt that most of these weie primary m the gall- 
bladder This assumption demands scrutiny Judd and Giay"^ studied 
312 cases of caicmoma of the gallbladder and ducts, and found that appioxi- 
mately one-half of the cases occuned m men, and one-fourth of those m 
women weie primary in the ducts In addition, a small numbei of malignan- 
cies of the liver are primary hver-cell carcinomata In a lecent study 16 
malignant hepatomata, seven cholangiomata, and six primary tumois of the 
extrahepatic ducts were noted m 6,050 autopsies, caicmoma of the gall- 
bladder was, however, encountei ed m only 1 1 cases 

The mortality statistics for 1936^ indicate that 65,545 males and 77,068 
females died from all forms of cancer, a total of 142,613, 4,490 men and 
5>935 women died of malignancy of the biliary tiact, a total of 10,420, 
which IS appioximately 7 per cent of all cancel deaths If we accept the 
piopoitions of gallbladder and duct carcinoma of Judd and Gray as being 
lepiesentative, 3,729 of the cases of biliary tract malignancy would be 
considered as duct carcinoma, leaving 6,691 cases, of which some are primary 
Iner-cell tumors It would seem leasoiiable to estimate that about 6500 
pel sons 111 the United States died of primary caicmoma of the gallbladder in 
1936 This IS 4 5 per cent of the total malignancy deaths, or about one-half 
the peicentage estimated by Giaham for 1926 This diffeience is due to 
the fact that total cancer deaths increased more than 40 per cent during 
the ten-yeai period, nhile carcinoma of the biliary tract increased less than 
10 pel cent, and deductions were made for duct and piimaiy liver carcinoma 
Submitted for publication Jlarch 27, 1939 — — — - _ 
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The disease is not found very frequently in operations upon the biliary 
tiact Boyce and McFetridge collected 35,054 operations upon the gall- 
bladder from the hteratuie, and in these theie weie 393 cases of carcinoma 
of it, an incidence of i 12 pei cent A highei incidence is noted in individual 
series of cases Coopei® had 48 cases in 1,500 opeiations, or 3 pei cent 
In women with cholelithiasis, the disease is more common Lentze" found it 
in 4 3 per cent of cases, and Graham in 8 5 per cent The incidence in autopsy 
material was o 33 per cent in 13,034 autopsies collected by Boyce and Mc- 
Fetridge, and 061 per cent in 2,941 autopsies in Coopei’s series 

Clinical Phenomena — As stated in the opening paragraph, one of the 
purposes of this analysis was an attempt to clarify the picture of carcinoma 
of the gallbladder, so that a gi eater percentage of correct preoperative diag- 
noses could be made It will be readily admitted that greatei success in diag- 
nosis may not affect the end-results, indeed, overemphasis of gallbladdei 
malignancy as a diagnostic possibility might cause suigery to be withheld 
m certain cases of jaundice of benign origin However, fiom othei stand- 
points, moie accurate diagnosis is desirable Therefore, the clinical picture 
of the disease, as it appears fiom this series, will be piesented and compaied 
with the leports of others 

Age, Race, and Sex — Caicinoma of the gallbladdei is a disease of the 
“cancel age ” The youngest case w^as 46, the oldest 82 Eighty per cent 
of cases of carcinoma of the gallbladdei wull be over 50 years of age, and, 
with rare exceptions, the othei s will be m the late foities Coopei reported 
the condition in a patient 28 years of age, which is the youngest in the recent 
literature (Table I) 


Table I 

AGE DISTRIBUTION 

Age Group No of Cases Per Cent 

46-49 years 4 12 

50-59 years 10 29 

60-69 years 13 3 8 

70-79 years 6 18 

80-82 years i 3 


There were 23 females and ii males in this seiies, a latio of 2 i Others, 
such as Finsterer® and Illingworth,® have 1 eported ratios as high as 4 i The 
ratio usually given in this country is 3 i With regaid to race, all of the 
cases in this series were white, but tw'O lecent repoits,^® indicate that the 
disease is not infrequently seen among the Negioes of the South 

Histoiy — The disease begins lather acutely in many cases Foity-one 
pel cent of the patients stated that the piesent illness was of less than one 
month’s duiation, 32 pei cent gave one to thiee months, 12 pei cent, thiee 
to SIX months , and three had been sick for moi e than six months Seventeen 
patients, half of the senes, had symptoms suggesting benign biliary disease 
which antedated the piesent illness fiom one to 25 years 
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The most frequent chief complaint was pam m the upper quadrant (li 
patients, 32 pei cent) Six listed jaundice, and four abdominal distiess 
Otheis weie chiefly concerned ^Mth nausea, pam 111 the hack, belching, tumoi, 
anorexia, constipation, and indigestion Pain was an almost constant symp- 
tom, being piesent in 30 cases (88 per cent) This was in the right upper 
quadrant m 15 cases (44 per cent), and epigastrium in ii cases (32 per cent) 
Two patients complained of generalized abdominal pain, two had pain in 
the back and right side, and four did not have pam Ti\enty-one patients (62 
per cent) had nausea, and 18 (53 per cent) vomited Slightly moie than half 
of the cases were jaundiced Weight loss was not pi eminent, since only 
13, or 38 per cent, had lost ten pounds or more Coopei found weight loss 
111 95 pel cent of his cases, while othei s^®- reported that half of their pa- 
tients had lost weight 

Physical Findings — The findings with legaid to tenderness are shown 
m Table II It should be noted that 41 per cent of the cases did not 
have tenderness, and if tenderness was piesent, it was usually m the light 
upper quadrant A tumor m the legion of the gallbladdei was palpable m 
12 cases, 01 35 per cent Most of the authors quoted in this paper found 
a tumor piesent in slightly moie than half of the cases In our series, 
the liver was palpable in 16 cases (47 per cent) This is in accoid wnth 
the expei lence of other wn itei s 


Table II 

LOCATION or TENDERNESS 

No of Cases Per Cent 

Right upper quadrant 16 47 

No tenderness 14 41 

Epigastnum 2 6 

General 2 6 


Laboiafoiy Data — The rarity of maiked anemia in carcinoma of the 
gallbladder has been noted by otheis Judd and Baumgaitnei^- studied 
56 cases, and found only five ivith a hemoglobin less than 70 per cent The 
average tvas 73 pei cent This w'as felt to be wathm the normal limits 
Tw'enty-nme of the cases m this senes had a hemoglobin recorded Of these, 
18, 01 62 per cent, had values above 80 per cent, and seven had values 
bettveen 70 and 79 per cent In othei wmids, over 85 per cent of the 
cases did not have a w'ell-marked anemia The Wassermann test ivas lecorded 
111 31 cases It was negative m all except the one five-} ear survival Leu- 
kocyte counts w'ere recorded in 30 cases Seventeen of these were normal, 
12 weie between 10,000 and 15,000, and there w'as one extremely high count 
of 25.000 The biomsulphalein test w^as done for only tw'o patients These 
showed 55 pel cent and 25 per cent retention, respectively, of the d}e m 
30 minutes, and, subsequently, extension to the liver w as noted Diagnostic 
tiansduodenal biliary drainage was done 111 16 cases This was reported 
as noimal in six cases, negative foi bile m four cases, no “B” bile 111 two 
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cases, positive for crystals suggesting cholelithiasis m three cases, and scant 
bile was obtained in one case These findings were of no assistance in 
making the diagnosis of malignancy Since gallbladder bile (“B” bile) was 
obtained in nine cases out of i6, or more than half, it seems possible 
that a caieful histologic investigation of the bile for malignant cells might 
be woith while 

Roentgenologic Diagnosis — Cholecystogi ams were made in nine cases 
All of these showed nonfilling of the gallbladder, and only one roentgenogram 
showed positive stones Kirklm,^^ m leporting his experience in the chole- 
cystogi aphic diagnosis of neoplasms of the gallbladdei, stated that he was 
able to diagnose papilloma and adenoma with considerable accuracy, but had 
not yet made a diagnosis of caicinoma of the gallbladdei He reviewed 
the roentgenograms on i6 cases of pi oven carcinoma of the gallbladder, 
and found that 14 of these gave no shadow of the dye, half showed positive 
stones, one showed stones with, howevei, good function, and one had a 
normal cholecystogram Cooper reported a similar experience Rarely, car- 
cinoma of the gallbladdei may be strongly suspected, when the barium 
meal or enema demonstrates a fistulous connection between the gallbladder 
and the stomach 01 colon Two such cases, with correct preoperative diag- 
noses, were desciibed by Spitzenberger In summary, we may say that a 
nonfilling gallbladdei, with 01 without positive stone shadows, is to be 
expected in caicinoma of the gallbladder 

Judd and Baumgaitner suggested that cases of carcinoma of the gall- 
bladdei may be divided roughly into thiee groups Group I, consisting 
of those cases with a history of colic or othei symptoms of benign biliary 
disease foi several yeais, with supei imiDOsed symptoms and signs of malig- 
nancy, namely, constant pain, loss of weight, anorexia, and the appearance of 
tumoi , Gioup II, containing those cases which simulate benign biliary disease 
until opeiation. Group III, containing those cases in which there is a rather 
sudden onset of the malignant phase, sometimes without definite indication that 
the disease is in the gallbladdei The cases in this senes were allocated in these 
categories, and compaied with the senes of Judd and Baumgartner 
(Table III) 


Table III 

PERCENTAGE OF CASES IN THE THREE CLINICAL GROUPS 

Judd and Baumgartner This Senes 
Group I 70% 26% 

Group II 22% 44% 

Group III 9% 29% 

The preoperative diagnoses in the 34 cases of this series are shown m 
Table IV 

Discussion of the Clinical Pictme — It is difficult to set up diagnostic 
ciitena for carcinoma of the gallbladder From the above study, a typical 
case might be described as follows The patient, female, about age 60, states 
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Table IV 

PREOPERATIVE DIAGNOSES 


Diagnosis No of Cases 

Cholecystitis 12 

Carcinoma of pancreas or ducts 9 

Carcinoma of gallbladder 4 

Carcinoma of liver 2 

Common duct stone 2 

Cirrhosis of liver 2 

Intestinal obstruction 2 

Carcinoma of stomach i 


Per Cent 

35 

26 

12 

6 

6 

6 

6 

3 


that her trouble began about a month previously, but as likely as not, she 
has had biliary colic for a number of years She complains of pain m the 
right upper quadrant which is steady and severe She is apt to have 
nausea and vomiting’ She may or may not be jaundiced Theie is little 
if any weight loss, and she is not anemic She probably has tenderness in the 
right upper quadrant, and the chances aie even that a tumor, as well as the 
liver, is palpable Cholecystograms show nonfilling of the gallbladder, with 
or without stone shadows Other gasti o-mtestinal studies aie negative 

This picture will fit many cases of benign biliary disease or cancer in 
organs other than the gallbladdei In making the differential diagnosis, 
the following points might be stressed Advanced age, steady pain, tumoi 
(particulaily if it is not tender), n eight loss, absence of leukocytosis, and 
a persistent downhill course point towaid malignancy lathei than an inflam- 
matory condition 

The treatment of the cases in this senes is indicated in Table V In 
thiee of the cases m which cholecystectomy was performed, caicinoma was not 
suspected at the time of the opeiation Theiefore, a deliberate attempt to 


Table V 

OPERATIVE PPOCEDURES 

No of Cases Per Cent 

Exploration and biopsy 23 68 

Cholecystectomy 6 19 

Cholecystectomy and implantation of 
radium 3 9 

Cholecystostomy i 3 

No operation (autopsy) 1 3 


lemove the carcinoma was made in only six cases, or 18 per cent These 
cases all died The malignancy in the gallbladder of the one fi^ e-year sur- 
vnal m this series was not suspected until the loutine histologic examination 
was made Others have performed cholecystectomy more often This was 
done 16 times in 48 cases m Cooper’s senes He could report only one patient 
alive after two years Judd and Gray had 59 cholecystectomies m 212 cases, 
and palliative procedures as follows Cholecj stostomy in 42, some type of 
anastomosis in 27 

A ladicai opeiation for carcinoma of the gallbladder has been sug- 
gested by seieial authors Gray^^ described a method of remoMng the 
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gallbladder together with a portion of the liver, using the electrocautery 
His one case recovered from the operation, but the end-result was not stated 
Finsterer had one suivival in 46 cases, in which instance he performed a 
resection of the contiguous portion of the liver Microscopic sections on his 
case showed that carcinoma had invaded the full thickness of the gallbladdei 
wall, but had not actually penetrated the hvei substance He advised par- 
tial hepatectomy, if carcinoma is suspected at the time of the operation 
Another single case report is that of Aiga,’^‘* who removed the gallbladder, a 
portion of the common duct, and a large mass of neciotic tumor tissue fiom 
the common duct The patient was alive after seven and one-half years 

In this senes, the duration of life aftei operation was as follows Less 
than one month, 18 cases , one to three months, five cases , three to six 
months, five cases , six months to one year, two cases , one to three )'^ears, 
three cases One case is well and asymptomatic after five years 

Pathology — Gallstones were frequent They weie present m 20 out 
of 23 gallbladdei s which were opened, an incidence of 87 per cent Judd 
and Gray found 64 6 per cent, and Cooper found 79 per cent 

With regard to the type of tumor, 28 were classified as adenocarcinoma 
(82 per cent) , five were of the squamous variety (15 per cent) , and one 
was mixed The squamous cell variety was encountered more frequently 
than usual Jndd and Baumgartner found only three such tumors in 55 
cases, and Coopei found only one in 48 cases The various theories to explain 
the piesence of squamous cell epithelium 111 this location have been discussed 
by Rabinovitch and Kieffer The tumor had extended into the liver in 15 
cases, into the common duct in foui cases, the liver and common duct in four 
cases, the stomach in three cases, and the colon in one There were metastases 
to the regional lymph nodes in six cases In ii autopsies, metastasis to the 
lungs was found only once Occasionally, a lung tumor may be due to an 
unsuspected primary growth in the gallbladder, as in the case reported by 
Foggie and Tudhope 

ProphylaA-is — Since treatment foi established carcinoma of the gallbladder 
has given such poor results, it has been repeatedly suggested that gallbladders 
with stones should be removed prophylactically In 1931, Giaham stated 
“It would seem reasonable to conclude that at least 4 to 5 per cent of women 
of the cancer age who have stones, will develop carcinoma of the gallbladder 
This would be much more than the operative mortality rate of i to 3 per 
cent ” Even if the danger of loss of life from cai cinoma of the gallbladder 
wei e the same or less than the danger from the operative procedure, cholecys- 
tectomy IS indicated m the absence of symptoms because of the danger of 
complications other than malignancy There should be moi e 1 eports of 
series of cases like that of Jaguttis He followed 114 cases of cholelithiasis 
which were tieated conservatively for ten to 25 years Five developed car- 
cinoma of the gallbladder, 13 died of cholecystic disease, 25 were operated 
upon for complications, four of which died This report considers mortality 
only, and does not take into account the suffeiing which probably accompanied 
the cholelithiasis in some of the survivals 
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Status of Expo imental W oi k in Cai cinoma of the Gallbladde) — It is 
geneiall)^ thought that gallstones cause cancel from nutation, since they aie 
found in 70 to 100 per cent of cases However, the experimental pi oof of 
this causal relationship is lacking In 1931, Burrows^o gave a summaiy of the 
experimental work up to that time He leviewed the work of Kazama, 
Leitch, 2 i Clemente, Delbeit and Goddard, Petrov and Krotkina, and Gioia 
This experimental woik consisted of the introduction of various foieign bodies, 
especially human gallstones, into the gallbladders of experimental animals 
Instances of caicinoma were reported as having developed m several animals, 
but the results have been discredited foi various reasons For instance, the 
work of Leitch is often quoted, but his paper was m the nature of a pre- 
liminary repoit, and part of his animals were still alive at the time of his 
publication A final report did not appear After seeing the leproductions 
of his photomicrogiaphs, one would agree with Cieighton,^^ who stated “The 
conclusion, I think, from Dr Leitch’s experiments on the gallbladder should 
be that the gumea-pig is peculiaily apt to develop these epithehated tubes m 
the interstices of the chionic inflammatory reaction To judge from the few 
details and the low pouer photomicrographs, they lacked the large nuclei 
and the deep chroniatmization of true cancer, and until fuither advised, I 
should hold the results m the same ambiguity as Dr Leitch holds the Japanese 
guinea-pig experiments” (Kazama) 

Petrov and Krotkina reported, in 1928, that they could not leproduce 
carcinoma of the gallbladder m the gumea-pig, by the introduction of foreign 
bodies, but in 1933, they-^ reported success Nineteen guinea-pigs were used 
Small glass tubes containing a microgram of ladiuni weie inserted into the 
gallbladders of 12 animals, and seven contiols bad empty glass tubes inserted 
They were trying to confirm the woik of Barlow, who had piesented evidence 
that cancer of the gallbladder was due to the ladioactivity of gallstones They 
reported that carcinoma developed in two animals m each gioup Three of 
the animals were said to have had multiple metastases, and died of cancer 
The fourth was operated upon at the end of the expei imental peiiod, and a 
carcinoma of the common duct was found However, these authois did not 
choose to publish photomicrographs of the tumor tissue, but submitted diaw- 
ings instead Hence, it can be stated that at the present time, experimental 
pi oof that gallstones cause cancer is lacking 

However, even though an etiologic relationship is not proved, or even if it 
IS disproved, it is well established that the two conditions occur together, and 
if cholelithiasis is not the cause of cancer, it may be, at least, a warning sign 

SUMMARY 

(1) The present incidence of carcinoma of the gallbladder is discussed 

(2) Thirty-four cases of carcinoma of the gallbladder are analyzed with 
lespect to clinical picture and pathologic findings 

(3) The question of proph3dactic cholecystectomy in cholelithiasis is 
discussed 
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(4) The difficulty m diagnosis and comparatively hopeless prognosis in 
evident cases is stressed 

(5) The present status of experimental work on carcinoma of the gall- 
bladder IS summarized 

The author is indebted to Dr Roy D McClure who suggested this study and oper- 
ated upon most of the cases reported 
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CAECINOMA OF THE GALLBLADDER 

A STUDY OF SEVENTY-FIVE CASES 

Gemma M Lichtenstein, M D , 

AND 

William Tannenbaum, MD 
Chicago, III 

FROM THE SERMCE OF DR RA.LPU B BFTTMAN AND THE GROUP FOR STUD\ OF DISEASES OF THE BILTARl TU\CT 

Carcinoma of the gallbladder is rarely diagnosed before the patient 
comes to operation or to autopsy It was decided to study this group of cases 
for the purpose of learning whether there was any set of symptoms oi signs 
or a combination of the two which specifically point to this diagnosis as against 
inflammatory lesions of the biliary tract or carcinomata adjacent to the gall- 
bladder The records of all patients having carcinoma of the gallbladder, in 
the files of the Michael Reese Hospital for the years 1922 through June, 1938, 
and those at Cook County Hospital for the years 1925 to 1937, inclusive, have 
been carefully examined We have included in this study only those cases in 
which the diagnosis was proven either by a biopsy of the gallbladder or by 
postmortem examination There were 44 cases at the Cook County Hospital, 
and 31 at Michael Reese Hospital, which met these criteria Of these 75 
cases, 27 had biopsies, 44 had autopsy examinations, and four had both 

We shall not review the literature m any detail as it has been so exhaus- 
tively considered by Cooper,^ and Illingworth ^ Although there have been 
over 2,000 cases reported in the literature since 1900, the series herewith pre- 
sented, ne believe, is the largest single group as yet reported 

Carcinoma of the gallbladder occurred in 31 males (41 3 per cent) and 44 
females (587 pei cent), or a ratio of approximately 3 4, which is a much 
higher incidence of this lesion in males than has been found in other statistics 
In both Cooper’s and Illingworth’s series the ratio was i 4, in Jankelson’s® it 
was I 3 The ages range from 36 to 84 years, with the greatest number be- 
tween the ages of 51 and 70 (62 7 per cent) Interestingly enough, there is 
no difference m the age range for the men and the women (Table I) 


Table I 

AGE INCIDENCE 


Ages 

Males 

Females 

Total 

31-40 


3 

3 

41-50 

4 

9 

13 

51-60 

13 

13 

26 

61-70 

II 

10 

21 

71-80 

3 

8 

11 

81 and over 


I 

1 

Totals 

31 (41 3 %) 

44 (58 7 %) 

75 


Submitted for publication February 16, 1939 
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The symptoms (Table II) fall into two gioups Those occurring in more 
than half the cases , and those in less than half In the first gi oup, there is pain 
in the light iqipei quadiant and epigastrium in 50, 01 two-thirds of the cases, 
loss of weight 111 43, or 57 3 per cent, and jaundice m 41, or 54 7 per cent) 
The pain was piesent for less than six months in 26 of the patients (60 per 
cent of those having pain) and for less than a yeai in 31 cases (76 per cent of 
those with pain) It was present for more than five years m ii patients, of 
whom eight had pain for over ten years (Table III) In 29 patients, pain was 
the fiist symptom noted It is interesting to note how frequently marked 
weight loss occur! ed in our patients, for Illingworth specifically states that 
w^eight loss IS not a prominent symptom of carcinoma of the gallbladder , and 
it was obseived in only eight of his 30 cases Of the 41 patients with jaun- 
dice, six stated that it was the first intimation they had that anything was 
w'^rong Incidentally, the presence of jaundice can probably be explained only 
by the fact that in metastasizing locally the lymph nodes surrounding the 
common duct aie involved, thus producing piessuie and obstruction 


Table II 


SYMPTOMS 


Percentage 


Symptoms 

No of Cases 

of Cases 


50 

67 0% 

(Epigastric) 



Weight loss 

43 

57 3 % 

Jaundice 

41 

54 7 % 

Anorexia 

14 

18 7 % 

Achoha 

IS 

20 0% 

Belching 

29 

38 7 % 

Weakness 

16 

21 3% 

Nausea 

14 

18 7 % 

Vomiting 

30 

40 0% 

Diarrhea 

9 

12 0% 


Table III 


DURATION OF PAIN 


Duration 
Under i month 
1-6 months 
6 months-r year 
1-2 3rears 
2~5 years 
5-10 years 
Over ro years 
Unknown duration 


No of Cases 
6 
20 
5 

1 

2 

3 
8 

5 


In 15 of our patients (Table IV), all three of the above symptoms were 
present, and in 33 cases, two of these thiee symptoms occurred in conjunc- 
tion While w’’e realize that these symptoms are found together in lesions 
other than carcinoma of the gallbladder, we believe that if these three symp- 
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toms were moie widely recognized as i datively common m malignancy of the 
gallbladdei , the diagnosis might be made more frequently than it is at pi esent 
In the second gioup of symptoms, namely, those occuirmg relatively in- 
fiequently, belching was complained of by 29 patients, vomiting was present 
m 30 cases, weakness in 16, anorexia in 14, and acholic stools m 15 cases 
Onl)^ seven patients had chills and fever, and nine complained of diaiihea No 
gloss blood was noted in the stools, nor were tariy stools pi esent according to 
the patient 

Table IV 

CASES IN WHICH PAIN, WEIGHT LOSS AND 
JAUNDICE WERE PRESENT IN COMBINATION 

No of Cases 


Weight loss and jaundice 5 

Weight loss and pam 16 

Pam and jaundice 12 

Pain, weight loss and jaundice 1 5 


On ph3"sical examination, jaundice was the most constant finding, being 
present at the time of admission or developing while under obseivation m 41 
patients The hvei was enlaiged in 41 patients (not the same 41 who had 
jaundice) , in 12 of these patients, the examiner stated that the liver was nodu- 
lar In 15 of the patients with an enlarged livei, a mass was palpable below 
the liver In an additional 16 patients, a definite mass was felt in the right 
upper quadiant which was not identified by the examiner, so that we cannot 
be suie whether it was livei or gallbladdei 01 both Ten patients had ascites 
of relatively advanced degree , despite this fact only two patients had a cirrho- 
sis of the liver In 20 patients (267 per cent), stool examinations showed 
occult blood 

Of the 75 patients studied, 53 (69 3 per cent) had stones m the gallbladder 
(Table V) Of the 31 men, 18 (58 pei cent) had stones, 35 (79 5 per cent) 
of the 44 \vomen had stones T^venty-six women and 16 men who had stones 
111 the gallbladders were between the ages of 41 and 70 The aveiage age for 
men and for ■women with calculi in the gallbladdei is about the same The 
males without stones, however, aveiage slightlj'^ higher 111 age than those ivith 
stones, while the women wnth 01 ivithout stones aie of about the same age 

Table V 



INCIDENCE OF STONES 

Stones 

No Stones 

Females 

35 (79 5 %) 

9 (20 5 %) 

Average age 

59 4 years 

57 8 years 

Males 

18 (58%) 

13 (42%) 

Average age 

58 5 years 

63 years 


Foul patients in the senes had had a cholecystostomy previousI)>' One 
had had the operation 16 yeais before the caicmoma w^as found, one had had 
It a yeai and a half previously, and one only five months befoi e readmission 
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to the hospital , the fourth patient could not recall when the operation had been 
perfoimed All four patients had stones in their gallbladders at the time that 
the cholecystostomy was performed In addition to these four patients, six 
had been told that they had gallbladder disease, one, as long as 26 years be- 
fore the carcinoma was found, one, as recently as a month before the final 
diagnosis , the others, at various lengths of time between these two extremes 
Four of this group had stones m their gallbladders at the time that the carci- 
noma was discovered 

Thirty-nine patients were operated upon in the course of their stay in the 
hospital Thirteen had an exploratory celiotomy performed , in seven of these, 
a biopsy was taken, the other six were closed without anything being done 
Five patients had a cholecystostomy, four with a biopsy in addition, ten pa- 
tients had a cholecystectomy, seven a cholecystectomy and choledochotomy , 
one a cholecystectomy with drainage of the hepatic duct , one a cholecystectomy 
and a choledochoduodenostomy , one a cholecystogastrostomy , and one a jeju- 
nostomy (Table VI) Of these 39 patients, 21 died while in the hospital or 
shortly thereafter Of the remaining 17, one is believed by his physician to 
be alive In that patient, a very small adenocarcinoma of the fundus of the 
gallbladder was found at the time that a cholecystectomy was performed We 
have been unable to learn the fate of the other 16 patients who left the hospital 
alive Undoubtedly the four patients in whom biopsies alone were done have 
died, as has the patient with the cholecystogastrostomy 

Table VI 


OPERATIONS 


Type 

Total Cases 

No Died 1 
Hospital 

Exploratory 

6 

6 

Exploratory with biopsy 

7 

4 

Cholecystostomy 

I 

I 

Cholecystostomy with biopsy 

4 

3 

Cholecystectomy 

10 

3 

Cholecystectomy and choledochotomy 

7 

3 

Cholecystectomy and choledochoduodenostomy 

I 


Cholecystectomy and drainage hepatic duct 

I 


Cholecystogastrostomy 

I 


Jej unostomy 

I 

I 


The pathologic diagnoses for this senes were Adenocarcinoma in 52, car- 
cinoma simplex in nine, colloid carcinoma in tw^o, and metaplastic, squamous 
cell carcinoma in one case In ii patients, the type of carcinoma Avas not 
stated (Because of technical difficulties we were unable to revieiv the slides ) 
Invasion of the liver was present in two-thirds of the cases 

In general, our results seem to agree fairl}'’ closely with those of other 
investigators , the most outstanding difference in our group is the much higher 
percentage of males, 3 4, as compared with the nearest figure of r 3 
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CONCLUSION 

(1) Seventy-five cases of carcinoma of the gallbladder, of whom 31 were 
men and 44 were women, are presented The ages ranged fiom 36 to 84 
years, n ith the maximum number between the ages of 5 1 and 70 

(2) Three symptoms occurred m over half the patients, these were pain 
m the right upper quadiant and epigastrium, loss of weight and jaundice 

(3) On physical examination, over half the patients had enlarged livers 
Thirty-one had a palpable mass m the right upper quadrant, m 15 of these 
the mass was felt m addition to an enlarged liver 

(4) Sixty-nme and one-half pei cent of the patients had calculi in their 
gallbladders 

(5) Pathologic study showed that the vast majority of the cases viere 
adenocarcmomata 
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TORSION OF A WANDERING SPLEEN 

COMPLICATED BY DIAPHRAGMATIC HERNIA 

John V Bohrer, MD 
Nc^v York, N Y 

The ambulance service of the Knickerbocker Hospital, New York City, 
brings to the hospital a great many acutely ill patients who require immediate 
operative tieatment Acute, urgent suigery tests the acumen of a hospital 
staff in many ways Fiequently, these patients are admitted at night, when 
the more technical clinical and laboi atory investigations cannot be made This 
is an added handicap to the Junior Staff member who is called to see such 
patients Usually, however, most emeigency patients suffer from but a single 
acute disease, with exaggerated symptoms which simplify the diagnosis 
Occasionally, as will be described m the following case report, multiple, acute, 
uni elated suigical conditions exist simultaneously and such cases essentially 
test the efficiency of the hospital staff 

Case Report — T McT , male, white, age 26, was admitted to Knickerbocker Hos- 
pital, April 17, 1939, at 8 p M He stated that he had been suffering from severe, cramp- 
like abdominal pain for the past 36 hours One year ago he had a similar attack, which 
was not so severe and subsided spontaneously Otherwise, he had always been healthy 
Just prior to admission, following a dose of castor oil, his bowels moved profusely 
There was no nausea or vomiting and no urinary disturbance Family and past histones 
were irrelevant 

Physical Examination — The patient looked acutely ill, and insisted on lying in a flexed 
position upon his right side Pulse 144, temperature 103° F, respiration 36 Percussion 
note in the left chest was abnormal, hyperresonant at the apex with dulness at the base 
Auscultation of the left chest disclosed distant breath sounds, with an occasional bor- 
borygmus The abdomen was silent, scaphoid in shape, and had a board-like rigidit> 
which precluded palpation of abdominal viscera There was a tympanitic note m the 
epigastrium, with dulness m the suprapubic region Bones, joints, skin and reflexes were 
normal Blood pressure 115/50 Blood count showed 23,400 white blood cells, 82 per cent 
polymorphonuclear 

The ambulance surgeon had made a tentative diagnosis of ruptured gastric ulcer 
The visiting surgeon. Dr C Joseph Delaney, while admitting that the patient was acutely 
ill, did not believe his physical condition in keeping with a diagnosis of ruptured ulcer 36 
hours previously (The patient was very definite about the history ) This observation, 
plus the peculiar findings m the left chest, led to a “scouting” roentgenologic examination 
of the chest The plain film showed shadows suggestive of gas pockets above the dia- 
phragm, which led, in turn, to the administration of a barium enema The roentgenologic 
report by Dr Irving Schwartz states “Examination by barium enema method outlined 
the colon, which was seen to pass through an aperture in the diaphragm The diameter 
of the viscus was reduced at this point The colon ascended into the left chest cavity to 
the level of the fourth rib posteriorly Only after an attempt at evacuation could any 
barium be seen in the proximal colon Roentgenologic Diagnosis Diaphragmatic hernia 
with partial intestinal obstruction ” 

Submitted for publication October 10, 1939 
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The fact that a definite diagnosis of diaphragmatic hernia was made did not explain 
the apparent abdominal catastrophe Various possibilities were considered A perforated 
ulcer of the stomach could not be excluded, nor could peritonitis from other causes, such 
as appendiceal abscess This being a male patient, at least the pelvic organs did not have 
to be considered Torsion of the pedicle of the spleen was mentioned only as a possibihtj' 
The rigid abdominal wall, precluding the palpation of any localizing mass, made definite 
diagnosis impossible The urgency of the peritoneal condition made an abdominal ap- 
proach necessary An apt question by the house surgeon, concerning the type of incision 
indicated, provoked considerable discussion The site of the incision was delayed until 
the patient became anesthetized As the anesthetic deepened, abdominal palpation was 
made to determine where the greatest delay in relaxation occurred It soon became 
evident that the lower abdomen was the site of the lesion and, to our surprise, as the 
abdominal wall relaxed a definite suprapubic mass could be palpated 

Although the patient had voided just before coming to the operating room, he had 
not been cathetenzed and this suprapubic mass suggested an overdistended bladder 
Catheterization proved this was not the case With a definite, hard, nonmovable mass in 
the suprapubic area extending into the right gutter, an exploratory McBurney incision 
was made Before the peritoneum was incised finger palpation detected the splenic notch 
The incision was completed, and a definite diagnosis of wandering spleen was made 
There was a moderate amount of nonodorous, serosanguineous free fluid in the peritoneal 
cavit) 

Considering the left diaphragmatic hernia, the indications were evident A six-inch 
upper left rectus incision was made The upper lateral portion of the muscle was divided 
transversely, giving an excellent exposure of the abdominal cavity The stomach and gall- 
bladder were in normal position The cecum was at the level of the umbilicus The 
sigmoid could be seen in the left gutter passing through the gap of Bochdalek, as did all 
the small intestines and transverse colon 

The spleen was easilj delivered from the pelvis through the rectus incision Its 
pedicle was 12 inches long, one and one-half inches in diameter and the splenic vein was 
thrombosed There were no adhesions It had 12 clockwise turns The pedicle could be 
traced up to its base in the lesser peritoneal sac at the site of the pancreas An anomalous 
condition was then noted The greater curvature of the stomach was entirely free There 
was no gastrocolic omentum It was obvious that the tail of the pancreas formed part of 
the base of the pedicle It, however, was involved in the torsion, so no effort was made 
to dissect it free A mass ligature was placed about the proximal end of the pedicle and 
the spleen with its pedicle was removed Examination revealed that an elongated tail of 
the pancreas had been cut away This stump was then reperitonized 

The diaphragmatic hernia was now considered The gap was filled with large in- 
testines and mesentery, and it was obvious that much time would be lost if an attempt 
were made to deliver this enormous mass of abdominal viscera through the relatively small 
aperture, even though a tube were inserted through the ring allowing air to enter and 
reduce the negative chest pressure Therefore, a three-inch, vertical diaphragmatic incision 
was made, which permitted reduction cn masse of the chest-contained viscera without dis- 
turbing the anesthetist, Dr George H van Gilluwe, as he was employing pressure anes- 
thesia One-third of the small intestines was blue and congested, due to one complete clock- 
wise turn of the mesentery After delivery of the intestines from the chest cavity, the entire 
mass, after detorsion, was completely encased in hot saline laparotomy pads and towels 
and left on the abdominal wall This made it possible to readily reinspect the intestines 
and also made an excellent exposure of the hernial orifice, facilitating its repair The ver- 
tical incision in the diaphragm was repaired and the gap was then obliterated by suturing 
the edge of the diaphragm to its normal attachments The repair suture line was rein- 
forced bv overlapping it with pennephntic fascia, as described by Weinberg When the 
packs were removed the intestines were found to be normal in color and no mesenteric 
thrombosis was evident It was obvious that to place the intestines in so small a peritoneal 
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cavity would be difficult The one redeeming feature was the fact that a large spleen had 
been removed The patient being undei deep narcosis, this was accomplished However, 
fear of postoperative distention, with its lethal potentialities when intestines are crowded 
into a shi unken abdominal cavit>, had to be taken into consideration Since the oiiginal 
McBurney incision had not been closed, a cecostomy was performed, which provided a 
gas fistula It was impossible to close the rectus incision by layer sutures, so through- 
and-through silkworm gut sutures were used, just approximating the wound edges As a 
further means of preventing intestinal distention, or rather to help deflate if it occurred, 
the rectal sphincter was dilated to a point of partial paresis 

The patient, now in moderate surgical shock, after a two-hour operation, was returned 
to a warm bed over which an oxygen tent had been placed His pulse rate was 120, or 24 
less than on admission to the hospital It remained below the high point during his entire 





Tig I — (i) Aperture in dnphrigm ( 2 ) Tig 2 — (i) DiHted stomach ( 2 ) Spleen 

Gangrenous intestines (3) Li\er C3) Intestines some of which are gangrenous above 

the diaphragm (4) Lner 

convalescent period A Levine tube was immediately inserted into the stomach and con- 
nected to a Wangensteen suction apparatus, and the gas fistula tube connected with a 
drainage bottle It was necessary to prevent any intestinal distention 

Convalescence — Twelve hours later, laigely from cuiiosity, a portable chest roent- 
genogram was made As was expected, it disclosed a left pneumothorax with almost 
complete collapse of the left lung In addition, it gav^e evidence, confirmed by physical 
findings, of a small area of pneumonia in the right lung Medical consultation with Dr 
Arthur F Kraetzer was immediately secured Sputum examination showed a Type XI 
pneumococcus The patient was given sulfapyndine in adequate dosage and the congestion 
miraculously disappeared Left pleural effusion dev^eloped but it, also, graduall}^ disap- 
peared with reexpansion of the left lung Silkworm retention sutures were removed, as 
indicated by skin irritation, from tfie fourth to the sixth day The abdominal wound 
healed pei priniam The cecal tube was lemoved on the fourth postoperative day and the 
gas fistula closed spontaneously From this time on, convalescence was slow but un- 
eventful The postopei ativ^’e blood picture showed a gradual reduction in white blood 
cells, with a return to noimal in the differential count 

On August 31, 1939, the patient was examined fluoroscopically after a barium meal 
had progressed to the colon The left diaphragmatic movement was somewhat limited 
The stomach was in normal position He stated that he felt perfectly well and was able 
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to work Blood count at that time was Red cells, 3,9SO,ooo, white cells 8,300, 

76 per cent, lymphocytes 22 per cent, eosinophils i per cent, large monocytes l p , 

hen^oglobin 78 per cent, platelets 336,700 It is recognized that this is too short a post- 
operative period to definitely exclude a recurrence of the diaphragmatic hernia or the 
possibilities of an abdominal incisional hernia, but the interest of the case and the unusua 
complication justify its being lecoided 



Tig 3 — (1) Gangrenous intestines above tbe diaphragm ( 2 ) Luer (3) 

Diaphragm (4) Gangrenous intestines remaining m abdomen 

Pathologic Eiavtiiiatwii — Gioss Dr Henry Hoin The specimen is a surgically 
lemoved spleen and pedicle weighing 950 Gm The serosa is smooth and glistening 
There are several areas beneatli the capsule which appear dark red and stand out from 
the remainder of the spleen, which is grayish-pmk These areas measure 3 5 cm in 
diameter The pedicle is markedly edematous On opening the splenic vein there is 
seen a loosely adherent thrombus occupying the entire lumen The splenic artery is 
patent On section, the organ cuts with increased resistance, leaving a dark red, meaty- 
appeanng surface The trabecular markings are decreased The follicles cannot be made 
out The pulp scrapes more readily than normal There is also an irregular portion of 
tissue which is pancreas and which on section appears grossly normal There is an 
accessory’ spleen i 7\i cm Mtcioscopicallj,, the sections show severe passive congestion 
and edema of the spleen with multiple foci of recent hemorrhages and formation of sub- 
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capsular hematouiata The tail of the pancreas shows marked chronic interstitial in- 
flammatory change, compression atrophy and invasion of adjacent acini by connective tissue 

To emphasize the fact that strangulation of the intestines fiequently does 
occui in connection with diaphiagniatic hernia, and foi that reason if foi no 
othei, suigical lepaii is indicated, the photographs of thiee such stiangulated 
cases, obsei ved at autopsy, aie included with this report (Figs i, 2 and 3) 

In 1933, Abell^ collected and presented to the American Surgical Society all recorded 
cases of wandering spleen with torsion of the pedicle, adding two cases of his own This 
article furnishes valuable statistical information and reviews the various etiologic theories 
advanced b> previous writers Since AbelVs paper, numerous articles have appeared 
Most of the recent ones have case reports, with quotations from AbelPs classic presenta- 
tion A careful search of the literature reveals 20 reported cases since 1933 Since the 
addition of these cases does not materially change the statistics presented by Abell, thev 
are cited by giving a short synopsis of them without attempting to incorporate them 
in the various tables compiled b}^ him 

REPORT OF 20 C \SES OF TORSION OF V DERING SPLEEN 

Frofii the Lxtcratntc Since 

Case I ^ — A female, colored, age 22 , had had three spontaneous labors and one earlj miscarriage 
SiNteen months previous to admission to hospital she had noticed a nonsensitue mass in the lower 
abdomen Three ^\eeks prior to admission she had constant abdominal pain and \omiting, which lasted 
three da>s On the night before admission and fi\e dajs before her legular men^truaI period, she 
had considerable iiteiine hemoiihage At the time of admission she uas acutelj ill with se\ere pain, 
tenderness and a large mass in the lower abdomen E\amination re\ealed a '\er> sensitne mass 6x7 
inches in diameter in the middle of the lower abdomen The upper border was at the umbilicus and the 
top felt like the edge of the li\er Bimatutallj the mass was re\ealed abo\e and in front of the uterus 
Pulse 103, temperature 103® P Blood count Tiiiee Ieukoc\te counts average 8000 poI>moi phonuclears 
So per cent, led cells 3600000 Clinical Impression Ovarian ejst or pedunculated m>oma of the 
uterus v\ ith twisted pedicle 

Operation — The spleen piesented imnudiateh under the abdominal incision It was deepl> con 
gested 7x5x4 inches in size with its upper border at the umbilicus Pedicle eight inches long with 
seven complete turn^ Marked ptosis of the stomach and tians\eis» colon Splenectomy Blood count, 
ten days postoperative Red cells 4300000, white cells 9,400, hemoglobin 85 per cent polvmorphonu 
dears 65 per cent lymphocytes 34 per cent traiisitionals i per cent 

Result — Recov ei y 

Case 2 — Female age 50, mental patient Complained of pam in abdomen two davs before adnns 
Sion to the hospital Examination revealed a sv\ening in the midpoition of the abdomen No definite 
diagnosis could be made Pulse 120 temperatuie 100 4® F 

Operation — Right paiamedian subtimbihcal incision Ten ounces of blood iemo\ed There was 
a fiacture of the spleen two inches long and onequaitei inch deep Spleen v\as adherent to other 
visceia and had thiee and one half counterclockwise twists of the pedicle Splenic vessels were throm 
bosed and spleen was foui times its noimil size Splenectomy No weight given 

Result — Recov ery 

Case 34 — Female, age 24, Chinese, one child She complained of enlaigement of abdomen with 
pain Fust noticed this enlargement seven months previous to admission to hospital when she had an 
attack of epigastric pain nausea vomiting chills and fever Several mild attacks ioUowed the fiist 
one and two weeks before admission she had a severe pain in the lower abdomen Not constipated She 
gave a history of malaria ten and 12 years before Examination negative except for abdomen Pulse 
132, temperatuie normal Blood pressuie 118/100 Blood count Red cells 4 360,000 white cells 18600 
hemoglobin 75 per cent poly morphonucleais 85 per cent Pi copcrativc Diagnosis Ovarian cyst with 
twisted pedicle 

Opeiatwu — Tbeie was a large spleen filling the pelvis, extending to the right median line and 
costal maigin Splenectomy Weight of spleen 3 700 Gm Postopn afi c Diaguo^i^ Wandering spleen 
with two and one half tiiiiis of the pedicle 

Result — Recov ei v 

Case 4-^1 — Female, age 20 She complained of pain in the epigastiium tiansnutted to left side and 
thorax Temperature normal Histoiv of malaria After 13 days in the hospital the pain disappeared 
The abdomen was not painful and the tumor in the light iliac fossa close to Poupart s ligament was 
thought to be a kidney It was movable and shghtlv painful Vaginal examination not made 00 

count normal Roentgenologic examination showed a ptosis of the intestines Fifteen days after a 
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mission the mass mo\ed to the epigastric region, was more movable but not painful 

It wandered into right iliac fossa . x +im#>Q 

operation -rhvec weeks after admission Subumbilical cehotom> An ectopic spleen four times 
Its normal size presented It was normal in color and consistency, no adhesions present The pedicle 
was long and rotated one quarter circle clockwise There were three supernumerary spleens Splenec 
toni> Spleen weighed 400 Gm An increased white blood count gradiiallj decreased to normal 

Result — Reco\er> r ^ 

Case 5 2 :\Iale, age 25, complained of colickj pains in abdomen and frequent eructations of gas 

Standing and walking exaggerated the pain Admitted to hospital for obser\ation Examination showed 
a well developed and well nourished male There was a mass in the left lower quadrant, tenderness 
and muscular rigidity Pulse 90, temperature 100° T Blood count Red cells 4>750 j 000, white cells 
9,850, hemoglobin 87 per cent, polymorphonuclears 60 per cent 

Operation — Left rectus incision The spleen la> in the left lower quadrant Pedicle twisted three 

quarters time Splenectomy Spleen weighed 575 Gm 

—Convalescence was complicated b> thrombosis of the light femoral vein The blood count 
showed a marked increase in platelets, the lowest count being 448,000 on the eighth day, when throm 
bosis occurred Patient recovered 

Case 6 '• — Female, age 68, uniparous Patient very sick and emaciated Known to have had a 
wandering spleen for five years, which, apparently, caused much distention, vomiting and pain On ad 
mission to hospital she had constant vomiting, marked distention and colicky pam Examination re 
vealed a tumor above the pubis and extending to the umbilicus This was thought to be an ovarian cyst 
Opoation — The spleen contained a cavernous hemangioma The splenic vein was thrombotic The 
tad of the pancreas was found in the pedicle, which rotated through two circles Splenectomy Weight 
of spleen, length of pedicle and condition and disposition of pancieas not mentioned 
Result — -Recov ery 

Case 7 1C — Male, age 28 Twenty four hours prior to admission to the hospital patient had an attack 
of abdominal pain and vomiting Twelve months before he had a similar attack of pain, with fever, 
which lasted for 24 hours Examination revealed a tense, elastic, movable mass in the midline between 
the umbilicus and symphysis This mass was definitely tender but patient complained of greater tender 
ness over ^IcBurney’s point Temperature 40 3® C , pulse 120 There vvas no history of trauma, no 
trouble with micturition or defecation and no rigidity Picopcrativc Diagnosis Acute appendicitis 

Operation — McBurney incision Small amount of turbid fluid in the abdomen The appendix vvas 
adherent to the posterior wall, thick and swollen It was removed intact The visible mesenteric veins 
were v^ery large and distended The spleen was enlarged and in an unusual position A second incision 
was made in the midline below the umbilicus and disclosed a large, solid, cyanotic spleen, with the lower 
part down at the bottom of the pierectal fossa There was a long, vascular pedicle, which vvas twisted 
once around clockwise Removal of the spleen seemed unnecessary as the temperature, apparently, 
resulted from a gangrenous appendix However, due to the unusual position of the spleen, it was 
removed Weight 400 Gm Postoperative blood count Red cells 5,190,000, white cells 10,900, hemo 
globm 98 per cent, neutrophils 86 per cent, large lymphocytes 8 per cent, small lymphocytes 2 per cent, 
tiansitionals 4 per cent Blood count on twenty second postoperative day Red cells 4,860,000, white 
cells 7,700 hemoglobin 85 per cent, neutrophils 55 per cent, eosinophils 2 per cent, large lymphocytes 
24 per cent, small lympliocvtes 14 per cent, transitiomls 5 per cent 
Result — Recov ery 

Case 8 — ^Ivlale, age 34 History of malaria ten years previously, which lasted two years He was 

aware of an enlarged spleen but competed in athletic contests before and after having had malaria and 
had never noticed anv pain Three days prior to admission to the hospital he had sharp, cramp like 
pains in the epigastrium, which spread to the entire abdomen He vomited and was unable to pass 
flatus Examination revealed an undernourished man, suffering greatly Pulse 30 Urine scanty The 
abdomen was rigid, painful to palpation, tympanitic and the splenic area appeared empty Provisional 
Diagnosis Wandering spleen 

0 /^erafmii —Abdominal cavity contained serosangumeous fluid The mass in the center of the 
abdominal cavity was black in color and bound by wide adhesions to the left colon The pedicle of the 
spleen was twisted two times counterclockwise Pedicle veins and arteries were thrombosed Splenec 
tomy The spleen weighed 3 Kg and its maximum diameter was 25 cm 
Result — Recovery 

Case 9 IT— Female, age 45, six children Patient was in perfect health until seven years ago, when 
she de% eloped malaria of the tertian tjpe She had had no malarial fever for the past two jears From 
the first jear of the malarial infection she noticed a movable mass in her abdomen about the size of two 
fists Three jears ago the mass began to grow noticeablj She had indigestion, gastric disturbance and 
constipation Six dajs previous to admission to the hospital she vvas awakened with acute abdominal pain 
The pain continued the following daj with vomiting, distention and no passage of gas from the rectum 
She became progressivelv worse, with some relief two dajs later when she had diarrhea The vomiting 
Examination on admission revealed an undernourished woman Pulse 120, temperature 
38 5 C, respiration rapid The abdomen was distended, urine scanty There were spasms around the 
palpable mass, which was rounded, painful and not movable Vaginal examination revealed an anti 
flexed uterus The mass appeared to rest upon the uterus and seemed to be connected with the rieht 
parametrium Preoperatr'e Diagnosis Ovarian cjst with twisted pedicle 
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Operation — There was a small amount of serous fluid in the nbdomin il caMt>, uliich was occupied 
by a large mass, \\lucli uas recognized as a gieitlj enliiged, ptosed spleen Theie ^\ere no adhesions 
The pedicle was long thick and tortuous and had four counterclockwise twists The pedicle pulled on 
the mesocolon and the first part of the jejunum The stomach and duodenum were dilated Splenectomj 
The spleen weighted 2 Kg, was 25 cm in its gieatest diametei, and the pedicle was 12 cm long 
Result — Recovery 

Case 10 11 — Female, age 21 Famil> and pre\ious lustorj irrelevant She had given birth to a 
normal child four months previous to admission, and since th it time had had pain in the abdomen local 
ized in the lower quadrant Pam more intense when she moved around Ten da>s before admission to 
the hospital the pains increased and extended throughout the entire abdomen She was nauseated but 
did not vomit Bowel movement with enema was efficacious E\ imin ition revealed abdominal rigidit> 
and a tumor the size of a fetal head below the umbilicus It w is fixed, painful and irregular, with 
tympany around the mass Temperature 376® C, pulse 95, lespiiation normal Pelvic examination 
was normal 

Operation — Median suprapubic incision Free serous fluid was observed when the peritoneum was 
opened An ectopic spleen was found in the lower abdomen with the pedicle showing two complete twists 
After removal of the spleen it was found to contain a round paitiilly calcified tumor, which was approx 
iniatel> one third of the removed splenic tissue Spleen and tumor weighed 650 Gm 
Result — Recov ery 

Case II IS — Female, age 50 For ten >ears she had suffered fiom pain in the left iliac fossa, with a 
heavj, twisting sensation in the lower abdomen For past seveial months pain became more severe with 
vomiting and chronic indigestion She often had dizz> spells, belched gas, was distended and constipated 
Examination revealed marked abdominal distention Theie was i round hard, movable tumor the size 
of a fetal head in the epigastrium Provisional Diannosis Uterine fibroids with cancer of the colon 
Opciation- — Midhne suprapubic incision The tumor piesented in the pelvis and was easily identi 
fied as an incarcerated spleen The pedicle was twisted three quarters of a circle and was thickened 
The splenic vein was the size of a normal jugular and the splenic aiter> pulsated The tail of the 
pancreas formed part of the base of the pedicle and was involved in the toision The pedicle compressed 
the transverse colon Weight and size of spleen not given 
Result - — Recov er> 

Case 12 20 — Male, age 10 Past historj irrelevant Ten da3s before admission to the hospital he 
had cramp like pains in the abdomen with nausea and vomiting Ihese subsided m 24 hours for three 
dajs Two da>s before admission to hospital pain recurred in left upper quadrant Examination re 
vealed a well nourished boy Blood pressure 98 ''68 pulse 100, respiration 22 Examination negative 
except for a smooth painless mass in left upper quadrant, extending one inch below the umbilicus 
Clinical Diagnosis Wandering spleen 

Operation — High midline incision Spleen enlarged about six times Two complete rotations of 
the pedicle, which was six inches long and contained thiombosed veins Blood count Red cells 3,780 
000, white cells 5,950, hemoglobin 62 per cent, polymorphonuclears 50 per cent, ljmphoc>tes 44 per cent, 
platelets 155 000 

Result — Recov ei y 

Case 13 18 — Male age eight Never a robust child Frequent headaches with stomach pains At 
two years of age had an attack of acute abdominal pain Two years before admission to hospital he had 
a similar attack Attack of pain nausea and vomiting four dajs prior to admission Examination re 
vealed an undernourished boj Temperature 988° F pulse 128 respiration 26 Generalized abdominal 
pain hut more tender m right lower quadrant Abdomen markedlj distended rigid, and no tumor mass 
was palpable Patient treated conservatively and distention subsided A tumor could then be felt 3 cm 
to left of umbilicus across to the anteiior superior spine in the right ilium Blood count White cells 
13,800 polymorphonuclears 88 per cent Provisional Diagnosis Ruptured appendix 

Operation — Right rectus incision Intestines were red and distended Considerable amount of 
bloodj fluid in the peritoneal cavit> Spleen three times its normal size with three twists of the long 
pedicle The tail of the pancreas was involved with both the arterv and vein thrombotic Postoperative 
blood count Red cells 3,400,000, white cells 9,200, hemoglobin 65 per cent, polj morphonuclears 49 P^** 
cent 


Result — Recov erj 

Case 1423 — Female, age eight Normally developed child She had sjmptoms of pain, with nausea 
and vomiting two days before admission to the hospital On admission, the temperature was loi 4® F, 
pulse 120 respiration 24 White blood count was 24 000 

Operation — Splenectomy The pedicle was long with three complete clockwise turns Veins were 

thrombosed The spleen weighed 425 Gm Postoperative complication — evisceration after one week 
Result — Recovery 

Case 15 8 — Female age 39 Abortion at age 16 After this illness she felt pain in the left ibac 
fossa This pain became habitual was colickj in character and was accompanied with vomiting 
Abdomen began to increase in size A second attack occurred after a pregnancy with abortion at six 
months The pain became constant and tumor continued to increace m size Examination rev^ c a 
well nourished woman of masculine type A tumor could be felt filling the entire left side of ab 
It was hard, painful and fixed Vaginal examination revealed an antiflexed uterus The tumor could 
be felt bimanually Chmeal Diagnosis Ovarian cyst 
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Operation —Uedian incision below umbilicus A considerable quantity of fluid found in the peri 
toneal cavity A large spleen presented, and it was necessarj to increase the incision 3 cm , to the 
edge of the umbilicus The spleen was violet in color with one complete twist of the pedicle clockwise 
The pedicle mis necrotic and included the tail of the pancreas It nas adherent to the intestines 
Splenectomy Weight of spleen 2,800 Gni Preoperative blood count Granulocytes 55 per cent, lympho 
cjtes 29 per cent, plnsmocytes o 4 per cent, monocytes 14 per cent Postoperative blood count Red cells 
4 168,000, hemoglobin 70 per cent, leukoc>tes 8,725, granulocytes 75 per cent, lymphocytes 15 per cent, 
monocytes 9 25 per cent 
Result — Recovery 

Case 16 9 — Female, age 23 Previous liistoiy negative She had a sudden, severe, coUck> abdom 
inal pain accompanied by metrorrhagia Just before this attack she had passed through a normal preg 
nancy except for slow engagement of the head during first stage of labor Vaginal examination revealed 
an oval, tender mass in culdesac of Douglas, to left of median line Cluneal Diagnosis Ovarian cyst 
with twisted pedicle 

Operation — Incision not mentioned A large spleen presented with a thiee fold torsion of the 
pedicle Splenectom> Spleen weighed 225 Gm 14^9^5 cm m size The pedicle was the size of a 
finger and passed in front of the trans\erse colon and around the greater curvature 
Result — Recovery 

Case 17 — Female, age 31, two children Three days prior to admission to hospital patient picked 

up her child and since then had periodic, acute attacks of pain in left upper quadrant No history of 
malaria T>phoid >ears ago Examination revealed a poorly nourished female Abdomen was greatly 
distended and the left upper quadrant was the site of a sw^elling parallel to the rib line, which was elastic, 
easily mo\abIe, round and about the size of the spleen 

Opctation — Midi me incision from xiphoid to umbilicus The spleen presented It was enlarged to 
twice its size and c>anotic The pedicle w^as twisted from 130° to 150°, left to right It was attached 
at the upper pole to the lower portion of the stomach by adhesions, which caused the twisted pedicle 
There being no pathologic changes, fixation of the spleen was decided upon 
Result — Recovery 

Case 18 S — hlale, age 30 Histor> irrelevant Patient noticed a tumor m the right lower quadrant 
No pain or vomiting No history of malaria Examination revealed an increase in size of the abdomen, 
especially in the right lower quadrant Temperature normal Clinical Diagnosis Acute appendicitis 
Operation — McBurne> incision There were adhesions about a bluish tumor, which proved to be 
the spleen with moderate degree of torsion Splenectomj Weight of spleen 420 Gm 
Result — Recover> 

Case ig — Female, age 25, two children Patient suffered from abdominal pain one week previous 
to examination States she was two months pregnant, and that before pain started she had fallen upon 
her side on a sharp rock She had suffered from malaria for a year without treatment Examination 
re\ealed a large, hard, painful tumor m left side of abdomen 

Operation — Since all symptoms pointed toward a visceral injur\, an exploratory incision was made, 
under local anesthesia, in the left ihac fossa The tumor proved to be a ruptured spleen This incision 
was closed and a median incision made Two deep fissures were reiealed on the anterior surface of 
the spleen with torsion of the pedicle until it was upside down Splenectom> Weight of spleen 
1,550 Gm It was 23 cm long by x6 cm in diameter 
Result — Not mentioned 

Case 20 — Female, age 33 Three normal deliveries Five months pregnant at time of present 

attack Complained of pain in abdomen with distention, nausea and vomiting for two and one half hours 
before admission No history of prenous attacks No history of typhoid fe\er or malaria, no previous 
operations Examination revealed a markedly distended abdomen Thickening of intestines felt on 
palpation Dulness extending to right upper quadrant PeKic examination revealed a uterus size of 
five months* pregnancy 


Operation — Midhne incision from xiphoid to 4 cm below the umbilicus About 800 cc of serous 
fluid present in abdominal caiitv The spleen was in the ileocecal region ol the abdominal cavity 
Spleen congested, thick, cyanotic, and was eas> to deliver The pedicle was twisted three times and the 
stomach was turned completely about Spleen returned to normal color and size after detorsion, and 
the stomach began a slow evacuation after return to its normal position 

—Stormy convalescence due to pneumonia and pregnancy Complete recovery 


The histoiy of diaphiagmatic henna is intensely inteiesting Although its 
fit St lecognition dates back to i6io, when Ambroise Pare recorded two cases 
of tiaumatic origin, no particular interest was shown until comparatively 
lecent tunes Hedblomi^ collected 1,435 cases from the literature m 1931, 
and made an effoit to convince the medical fraternity of its frequency and its 
dangerous potentialities Since that time Harrington, 12 Tiuesdale,22 and 
many otheis have pnolished papeis demonstrating its operability and the wis- 
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dom of having such defects repaired before an acute suigical catastrophe 
occurs It IS to be regretted, however, that legardless of the splendid work 
that has been done, many physicians still recommend “watchful waiting” 
treatment for such patients This advice is particularly vicious when given 
young patients who suffei f i om congenital and acquired diaphragmatic hernia 
It IS readily admitted that a few people have lived their normal longevity 
legardless of having had a diaphragmatic hernia It must likewise be admitted 
that most people suffering from such a handicap incur material risk in not 
having it corrected The following case history is illustrative 

Case Report — A child of i8 months was admitted to a metropolitan hospital for a 
medical ailment During the course of examination a diagnosis of an asymptomatic 
diaphragmatic hernia was made The mother was not warned concerning the existence 
of this hernia Three months later a strangulation occurred, and, at autopsy, gangrenous 
intestines were found above the diaphragm This patient could have been operated upon 
prior to strangulation with minimal risk 

Hairington’s^- publications offei a very satisfactory classification of dia- 
phiagmatic hernia He has recently reported 131 cases diagnosed at the 
Mayo Clinic He advocates the abdominal approach in all pen-esophageal 
herniae, while Truesdale,"- who has also had a laige experience, believes most 
diaphragmatic herniae aie best operated upon fiom a thoiacic approach The 
combined approach advocated by some suigeons certainly has a mechanical 
advantage, but it usually is not necessary Donovan,^® who lepoited ten cases 
of congenital diaphragmatic heimae m infants, is well satisfied with the ab- 
dominal approach He forcibly calls attention to the dangers of delayed sur- 
gical tieatment The writei, basing his judgment on a modest experience, 
prefers the abdominal appioach for pen-esophageal heiniae but the thoracic 
approach for the othei more common types, such as those of traumatic origin, 
01 those thiough the gap of Bochdalek It is admitted, however, that the 
abdominal approach m the case heiewith leported, which was fiom necessity 
rather than fiom choice, was most satisfactoiy 

In general, either route has its advantages, and most cases aie best opeiated 
upon hy the approach with which the particulai surgeon is moie familial If, 
however, dense adhesions have foimed, which is often the case in laige con- 
genital herniae in childien, ceitainly, the thoiacic approach is to be pieferred 
In one case of diaphragmatic hernia a diagnosis of absence of adhesions was 
made by introducing barium into the colon and also inducing a pneumothorax 
When the child was in the erect position no viscera could be seen in the chest , 
when the head was down the left pleural cavity became filled with intestines 
and there was a pneumopelvis This patient, a boy, age 10, was operated 
upon by the thoracic route Reduction of the viscera into the abdomen ivas 
easily accomplished, but wdien held there in the very contracted peritoneal 
cavity, the patient stopped breathing Releasing the intestines reestablished 
breathing For this reason the hernia was not repaiied Donovan^® notes 
this condition in one of his cases and cites it as an argument against delay in 
operative treatment 
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TORSION OF WANDERING SPLEEN 

In the present case, naturally the advisability of concuriently reducing and 
lepairing the diaphragmatic hernia, following the removal of a wandering 
spleen with pedicle torsion, became a leal question of surgical judgment Ad- 
mittedly, the first procedure was a major operation for an acutely sick patient 
to withstand But, knowing the latent possibilities, as cited above, of delay 
in treating diaphragmatic heinia, there was no hesitation The findings and 
the result foitunately justified the decision 
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pi oven by positive smears He points out that this relatively small number 
of patients was seen in legions where the malaiia morbidity is quite high, and 
leasons that the problem of differential diagnosis between abdominal malaria 
and acute surgical conditions occurs rarely Such a conclusion obviously may 
not be justified, since many such cases may not be seen and since theie is no 
means of comparison with the total number of cases of malaria observed In 
his observations, Taylor lays great stress upon the absence of involuntary 
abdominal iigidity as a means of distinction between acute abdominal malaria 
and acute surgical lesions He also points out that 85 per cent of the total 
number of cases gave positive tests for occult blood in the vomitus or gastric 
contents, and states that this finding is of great value in establishing the diag- 
nosis of abdominal malaria 

Ninety-three per cent of the patients m the series lepoited by Tayloi were 
infected with aestivo-autumnal malaria, and in most of the pievious reports 
of cases similar to these Plasinodtmn jalapai inn has been the causative 
organism 

In a recent article by Ochsner and Murray,® malaria is mentioned as an 
occasional cause of abdominal pain and vomiting, and the following state- 
ments are made "In our experience, acute abdominal manifestations occur 
most frequently in cases of malaria which have been incompletely treated 
Of diagnostic importance are the relative leukopenia, absence of abdominal 
rigidity, and higher temperatuie than is usually seen in acute abdominal 
conditions ” 

No attempt is made here to review the literature on this subject There 
are fairly frequent references to atypical forms of malaria in the European 
literature, parti cularty in Italy and Fiance It is doubtful, however, if in the 
United States malaiia is usually considered in the differential diagnosis of 
the surgical diseases of the abdomen The number of cases reported here 
indicates that this condition may occur fairly frequently in the Southern States 

In this gioup of nine cases, eight of the patients were selected from a total 
of 266 cases of malaria admitted to the Vanderbilt University Hospital during 
the last 13 j^ears The remaining patient was seen recently m another hos- 
pital All of the patients were white, six were males, and four were females 
The youngest patient was 15 years old, all the others being adults All of 
the patients lived in rural sections except one, a student nurse at the Vander- 
bilt Hospital 


CASE REPORTS 

Case I L C , white, male, age 46, was admitted to the Surgical Service at Vander- 
bilt Unuersity Hospital August 31, 1932 For six weeks he had had headache general 
malaise and had been troubled with epigastric discomfort and eructation which were 
aggra\ated bj the taking of fatty foods and which were occasionally accompanied by 
^ight fever Five days before admission he had a chill, followed by a severe headache 
Three days before admission he was seized with sudden severe pain in the right upper 
abdomen, followed quicklj b> nausea and repeated vomiting The pain remained localized 
and continued until admission There was no jaundice, diarrhea, or change in the char- 
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acter of the stools The past history revealed that a year and a half before admission, 
he had several chills, for which he was given quinine 

Physical Examination — Temperature 1048° F, pulse 128, respirations 28 The pa- 
tient was well developed and well nourished, looked quite sick and was compaining bitterlv 
of abdominal pain The chest was clear The abdomen was moderately distended, 
symmetrical, moved poorly with respiration There was moderate tenderness and muscle 
spasm in the right upper quadrant The liver edge was palpable slightly below the costal 
margin, and was smooth and slightly tender The spleen was not palpable and no masses 
or other viscera were felt The rectal examination was negative There was no 
jaundice 

Red blood count 4,100,000, hemoglobin 12 Gm , white blood count 5,300 The urine 
contained three to four W B C and an occasional R B C per high power field in a 
centrifuged specimen 

The diagnosis on admission was acute cholecystitis, and possibly empyema of the 
gallbladder Malaria was not suspected at this time, in spite of the leukopenia, and the 
routine blood smear was not examined until about four hours after admission This 
revealed numerous ring forms of P vivax Quinine, 06 Gm tid, was started imme- 
diately and the symptoms disappeared quickly The temperature rose to 103 2° F on the 
day following admission but he had no chill The tenderness over the gallbladder region 
subsided rather slowly, persisting to a slight degree for six days His subsequent course 
was uneventful and cholec} stograms were made before he was discharged from the 
hospital, the dye being administered intravenously These showed concentration of the 
dje in the gallbladder and no stones were seen The patient left the hospital ii da\s 
after admission 

He returned to the Out-Patient Department four and one-half 3 ears later com- 
plaining of indigestion, fiequency of urination, nocturia and dysuria Two blood smears 
showed no parasites and gastro-intestinal roentgenologic examination was negative He 
was found to have a stricture of the urethra and with dilatations his S3mptoms were 
relieved 

In this case the history of chills in the past and the leukopenia at the time of 
admission were the only things which might have suggested malaria before the parasites 
w^ere found 

Case 2 — P W, white, male, age 28 was admitted to the Suigical Service Septem- 
ber 17, 1932, with a history of onset of abdominal pain thiee w^eeks previousl3 The pain 
was generalized, cramping in character and w^as associated with nausea and vomiting 
Four da3^s after onset he w^as seen b3 his doctor, w^ho found the abdomen to be slight!} 
tender, and marked!}'' distended throughout His diagnosis at that time w^as generalized 
peritonitis, possibly resulting from a perforation of the bowel The patient refused hos- 
pitalization, and was kept in bed and given large doses of morphine at frequent intervals 
The abdominal distention became progressively more marked and pain and occasional 
\omiting continued He had an irregular fever which ranged from 101° to 105° F, but 
he had no chills The past history w^as not remarkable He had typhoid fever eight 
years previously , had never had malaria 

Physical Examination — Temperature 98° F, pulse 100, respirations 18 The patient 
w^as w^ell developed and well nourished, looked moderately ill The skin was warm and 
dry The chest was clear The abdomen was distended and there was moderate diffuse 
tenderness, wnth a ^^doughy” sense of resistance to palpation, over the entire abdomen 
There w^ere no masses and the liver and spleen were not palpable Rectal examination 
w^as negative, and the remainder of the general physical examination w^as not remarkable 

Red blood count 4,200,000, hemoglobin 12 Gm , and white blood count 7,000 The 
urine was clear , N P N was 24 mg , and the blood smear w^as negative for parasites 

Tw^elve hours after admission, the temperature rose to 102 6° F, then fell to normal 
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and remained there lor two days The impression during this time was uncertain, but 
the process was thought to be either tuberculous peritonitis or a subsiding, diffuse, acute 
peritonitis On the third day, the white blood count was 4,650, and the temperature rose 
to looa^’F Blood smears and thick drop at this time resealed many crescents of P 
fa/(i/>anui! The patient was transferred to the Medical Service, and he was immediately 
started on atebrin, 01 Gm tid The symptoms and signs almost immediately disap- 
peared and he was discharged from the hospital nine days after admission, in good 
condition 

In this case malaria was not suspected until the third day of admission when there 
was a leukopenia coincident with a rise in temperature There w^as nothing in the history 
or piwsical examination which suggested malaria as the cause of the symptoms, and 
the correct diagnosis w'as made after observation of the patient’s course in the hospital 
Case 3 — J T , white, female, age 22, entered Vanderbilt Hospital March 17, 1929, on 
the Medical Service Five hours before admission she suddenly began to have severe 
pain m the epigastrium and m the region of the umbilicus, cramping m character, w’hich 
was quickly followed by nausea and repeated vomiting These symptoms persisted until 
admission Three dajs before this she had a similar, less severe attack which lasted 
about eight hours There had been no chills The past history w’as unimportant 

Physical Examinatwii — Temperature 986° F, pulse 84, respirations 20 The patient 
looked quite sick, was m marked pam, and vomited during the examination The chest 
W'as clear The abdomen was scaphoid, moved fairly well w'lth respiration and w'as 
sjmmctncal There was no visible peristalsis and audible peristalsis w'as normally 
present There was moderate tenderness m the epigastrium and about the umbilicus, 
but there w'as no muscle spasm and no masses could be felt The liver and spleen were 
not palpable Pehic and rectal examinations were negative and the remainder of the 
general phjsical examination revealed no abnormalities 

Red blood count 4,500,000, hemoglobin 12 Gm , wdute count 10,000 Routine blood 
smears were normal and show'ed no parasites The urine w'as clear 

The diagnosis at this time w'as not clear, though partial intestinal obstruction and 
ureteral calculus were mentioned as possibilities Because her symptoms continued, she 
was transfeired to the Surgical Service a few' hours after admission During the next 
two days her s>mptoms varied m intensity, occurring in attacks which came on every 
few hours The temperature remained normal, and on the third day, moderate tenderness 
m the region of the left kidnej w'as noted The kidney w'as not palpable and the urine 
was clear She was cjstoscoped, both ureters were catheterized and pyelogram of the 
left kidnei was made, with negative results Shortly after the cystoscopy she had a chill 
and her temperature rose to 104° F Routine blood smear obtained at this time show'ed 
mail}' forms of P vivax She was given quinine, 06 Gm, at once, and this w'as continued 

I I d The temperature remained normal thereafter and all symptoms and physical signs 
rapidlj disappeared She left the hospital on March 30, 13 days after admission, in good 
condition 

In this case, the diagnosis was particular!} difficult, and the parasites were found 

III a smear w'liich w'as obtained as a part of the routine examination when the patient 
unexpectedly had a chill 

Case 4— M M, uhite, female, age 15, was admitted to the Surgical Service of 
Vanderbilt Hospital March 12, 1930 For nine months she had had intermittent attacks 
of pain and soreness m the right lower quadrant and the right lumbar region At the 
onset she had scleral chills at irregular lnter^als, but these stopped after a few weeks 
Alout three months after the onset, she had rather marked dysuna and frequency of 
urination during an attack of pain, and these symptoms occasionally recurred with sub- 
sequent attacks On one occasion she had hematuria 
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The last attack began five days before admission with pain in the right lower 
abdomen, which continued without relief She was nauseated and 48 hours before 
admission she vomited There were no chills but she thought she had had some fever 
The past history was of no importance 

Physical Examination — Temperature 99 8® F, pulse 94, respirations 22 The patient 
was well developed and well nourished, looked moderately ill The chest was clear 
The abdomen was scaphoid, symmetrical, and moved fairly well with respiration There 
was moderate, well localized tenderness in the right lower quadrant and slight tenderness 
m the left lower quadrant There was no muscle spasm and no masses were felt The 
liver and spleen were not palpable Pelvic examination revealed tenderness in both 
adnexal regions but no masses could be felt There was no vaginal discharge The 
remainder of the physical examination was essentially negative 

Red blood count 3,000,000, hemoglobin 9 2 Gm , white count 4,400 The urine con- 
tained only occasional white blood cells 

On admission it was thought that she had acute appendicitis or acute pyelo- 
nephritis Because of the leukopenia, the routine blood smear was examined with great 
care, and a few forms of P viva\ were found She was immediately started on quinine, 
0 6 Gm 1 1 d , and the symptoms and ph} sical signs quickly disappeared She was dis- 
charged fiom the hospital four days after admission, in good condition 

Three and one-half years later, on September 24, 1933, she returned to the hospital 
with abdominal pain of three da} s’ duration, accompanied by nausea and vomiting 
Parasites were again found 111 the blood and with the administration of quinine, she 
rapidly recovered 

Case 5 — J A J , white, male, age 34, was admitted to the Surgical Service May 
19^ 1935 Four days befoie admission he became nauseated, and shortly thereafter had 
a chill He continued to feel badly and was nauseated until 14 hours before admission 
when he sudden)} began to have severe, cramping pain in his upper abdomen This was 
followed by repeated vomiting, and the pain soon became generalized through the 
abdomen Shoitly after the onset a fine rash appeared over the trunk The abdominal 
pam continued until admission, but he had no more chills The past history revealed no 
important infoi mation 

Physical Examination — Temperatuie 99 4° F, pulse 96, respirations 30 The patient 
was well developed and well nourished, looked moderately ill and was writhing with pain 
m the abdomen The chest was clear The abdomen was scaphoid and moved well with 
lespiration There was moderate tenderness aiound the umbilicus but no muscle spasm 
No masses were felt and the liver and spleen w^ere not palpable Rectal examination 
was negative and nothing else of importance was found in the examination 

Red blood count 4,700,000, hemoglobin 15 Gm , white count 5,100 No paiasites were 
found in the blood smear The urine w^as clear 

The diagnosis was not clear Because of the character of the onset of symptoms, 
food poisoning was suspected About four hours after admission the temperature rose 
to 1036° F, but he did not have a chill Blood smears and thick drop at that time 
revealed many ring forms of P viva\ No treatment was instituted at that time, how- 
ever, and on the day following admission his svmptoms w^ere much less marked and the 
temperature remained normal On the third day the temperature rose to 103 6® F and 
he had a chill He was then given quinine 0 6 Gm 1 1 d , with prompt relief of all 
symptoms and disappearance of abdominal tenderness He was discharged from the 
hospital two days later 

Malaria w^as thought of as a possibility here because of the leukopenia and the lack 
of an adequate explanation for his symptoms A careful search of the blood smears was 
required before the parasites w^ere found 
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Case 6 — E H , white, female, age 24, was admitted to the Medical Service Septem- 
ber Q, 1032, with a history of onset of severe knife-like pam in the right lower quadrant 
of the abdomen four days previously The pam radiated to the lower back and was 
accompanied by nausea and repeated vomiting After the first day there was no nausea, 
but there was severe headache and backache, and two days before admission she had a 
chill This was followed by a watery diarrhea which continued until admission, and by 
persistence of the pam m the right lower abdomen She had had frequent dull headaches 
for two months prior to admission There was no history of malaria m the past 

Physical Etanima/ioii— Temperature 101° F, pulse 112, respirations 22 The 
chest was clear The abdomen was scaphoid, symmetrical, and moved fairly well with 
respiration There was moderate diffuse tenderness m the right lower quadrant and 
m the right upper quadrant under the costal margin, but no rigidity The spleen and 
hver were not palpable and no masses were present Pelvic examination revealed 
moderate tenderness m both adnexal regions No masses were present The physical 
examination was otherwise negative 

Red blood count 4,300,000, hemoglobin 115 Gm, white count 8,700 Smear of the 
blood was negative for parasites The urine was clear except for occasional white cells 
It was thought on admission that she had an acute enteritis 

Her temperature fell and remained normal on the second day, but on the third day 
she had a severe chill and the temperature rose to 106“ F The abdominal pam became 
very severe at this time The white blood count was 3 . 400 . and blood smears and thick 
drops were obtained which showed many ring forms of P vivax 

She was given atebrin 0 1 Gm 1 1 d Her symptoms and physical signs rapidly 
disappeared and the temperature subsequently remained normal She left the hospital 
in good condition on September 22, 13 days after admission 

She was seen again August 12, 1938, because of a nontoxic goiter which was becoming 
slowly larger She had had no further attacks of abdominal pain and no symptoms 
suggesting malaria 

Case 7 — F , white, male, age 33, was admitted to the Surgical Service August 
12, 1934 Four days before admission he began to have cramping epigastric pam which 
was soon followed by nausea and vomiting These symptoms persisted until the time 
of admission There was high fever but no chills and there was no history of previous 
similar attacks The patient had had an appendicectomy previously and had been given 
typhoid vaccine 10 years ago 

Physical Examinatwn —Temperature 104 6° F , pulse 120, respirations 24 The patient 
was fairly w^ell developed and well nourished He looked quite sick and vomited several 
times during the examination The chest was clear The abdomen w'as symmetrical, 
moderately distended, and moved very slightly wnth respiration There was moderate 
general tenderness, w'lth fairly maiked tenderness in the epigastrium There was some 
resistance to palpation throughout the abdomen, wnth no localized areas of muscle spasm 
No masses were felt and the liver and spleen were not palpable The physical examina- 
tion W'as otherw'ise not remarkable 


Red blood count 5,000,000, hemoglobin 13 5 Gm , white count 2,000 Because of the 
leukopenia the routine blood smears were examined verj carefully, but no parasites 
were found The urine examination was negative, the Widal and several stool examina- 
tions and cultures were negative and blood culture remained sterile 

The impression at the time of admission was typhoid fever, and malaria was men- 
tioned as a possibility 

About 24 hours after admission a macular rash, which was generalized over the 
bod}, appeared At this time the leukocjte count ivas 7,200 Smears of the blood w-ere 
again examined with negatne results A thick drop w^as also obtained, however, and 
this showed ring forms of P falcipaiuin The patient w^as transferred to the Afedical 
Sen ice and was immediatel} started on quinine 06 Gm tid His temperature fell to 
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normal within 24 hours, and the symptoms subsided rapidly He was discharged from 
the hospital nine days after admission 

Case 8 — G H, white, male, age 27, came to the Vanderbilt Hospital emergency 
room August 6, 193S, complaining of severe abdominal pain Five days befoie this he 
began to have general malaise and headache Three days before admission he was awak- 
ened at niglit wnth sudden, severe, kiiife-like pain in the right upper abdomen and the 
right flank, wdnch soon became generalized and cramping in character These symptoms 
continued without relief but varied in intensity He was repeatedly nauseated but did 
not vomit He had no chills but thought he had some fever A few hours before admis- 
sion he w^as seen by his famil> doctor who told him lie had a ruptured appendix and 
advised him to go to the hospital 

The past history revealed that the patient had for several years lived in an unscreened 
house on a river bank He had received t}phoid vaccination three jears previously and 
had alwa>s been m good health The family history was of some importance in that 
two sisters had frequcntl> had “chills and fever ” 

Physical E\amination — Temperature I0I4®F, pulse 126, respirations 32 The 
patient w^as well de\ eloped and well nourished He looked quite sick and was writhing m 
pain The chest w^as clear The abdomen was scaphoid, mo^ed almost none wnth 
respiration, and palpation revealed board-hke rigidity throughout the abdomen, which 
w^as most marked, howT\ei, in the right upper quadrant There was moderate tender- 
ness and this w^as onh present in the upper abdomen The Iivei and spleen were not 
palpable and no masses weie felt Rectal examination revealed nothing remarkable and 
the remainder of the general phvsical examination was negative 

It was first thought that this patient had a diffuse peritonitis, probably due to a 
perforated duodenal ulcer Because of the historv, however, and because of the absence 
of v^ry marked tenderness, malaria was suspected b} the Surgical House Officer wdio saw 
him in the emergency room, and who had previousl}'’ seen two of the patients in this 
group Smears of the blood w^ere obtained which showed ring forms of P vivax in 
large numbers 

The patient was admitted to the Iiospital on the Aledical Service Red blood cell 
count 2,500,000, hemoglobin 6 5 Gm , wdiite blood cells 5,800 The urine w^as clear He 
was started at once on quinine, receiving 0 6 Gm three times daily His temperature rose 
to 104 2° F iS hours after admission, but he had no chill His tempeiature then fell to 
normal, the symptoms and physical signs disappeared lapidly and the temperature re- 
mained normal He w^as dischaiged from tlie hospital 10 da3^s after admission in 
good condition 

Case 9 — D S , white, female, age 64, was admitted to the St Thomas Hospital 
Juh 15, 1938 One month before admission she was suddenl}^ seized with sev^ere pain 
in her right upper abdomen Shortiv after this she had a sev'^ere chill During the 
following week she w^as extremelv'' sick with abdominal pain, repeated v''omiting and 
high fever She was delirious during part of this time but had no more chills At the 
end of a week she began to improve and tw^'o weeks after the onset she was able to be out 
of bed She was then well, except for occasional model ate upper abdominal discomfort, 
until about 30 hours before admission, when the severe pain again struck her in the 
right upper abdomen A few minutes later she had a chill and following this, she had 
high fever and was delirious The pain and delirium continued until admission and 
were accompanied b}^ repeated vomiting She had no more chills 

The past history revealed that for many vears she had been having attacks of 
milder pain in the right upper abdomen which did not radiate and which often was sev^ere 
enough to require her to go to bed Between these attacks she was sometimes troubled 
with indigestion, characterized bv epigastric discomfort and eructation following meals 
She had had no chills previous to the present illness 
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Physical Evammatiou -Temperature 105 4 ° F , 1 10, respirations 30 The patient 

was a fairly well preserved white woman w'ho looked extremely sick She was stuporous 
and answered questions so poorly that most of the history obtained at the time of admis- 
sion was given b) her son The skm was dry and hot, the face was flushed There was 
no jaundice The chest was clear The abdomen was symmetrical, slightly distended, 
and there was marked limitation of respiratory movements on the right side There 
was marked tenderness and muscle spasm m the right upper quadrant, and moderate 
tenderness in the left flank, near the costal margin The liver and spleen w'ere not 
palpable at this time but examination w'as difficult because of the marked tenderness No 
masses were felt The pelvic and rectal examinations w'ere negative and nothing remark- 
able was found in the remainder of the phj'sical examination 

Red blood count 4,500.000, hemoglobin 13 2 Gm , w'hite count 6,100 The urine was 

clear 

At this time it was thought that the patient had acute cholecystitis The presence 
of malaria was not suspected Routine blood smear for the differential count, however, 
showed w'hat w’as thought to be a few' parasites A thick drop and subsequent smears 
show’ed many paiasites of tertian malaria 

She W'as immediately given quinine dihydrochloride 0 6 Gm , intramuscularly, and 
atebrin 0 i Gm by mouth The temperature dropped to normal w'lthm six hours and at 
the end of this time she was more alert, the pain was less marked and the tenderness 
and muscle spasm w'ere considerablj less pronounced The spleen could then be felt 
to extend about 4 cm below the costal margin It w'as moderately tender The 
liver edge could also be palpated but no masses could be felt below it She received 
three subsequent doses of quinine dihydrochloride 0 6 Gm intramuscularly at four hour 
intervals, and on the second day she W'as started on atebrin 0 i Gm 1 1 d The temperature 
remained normal and b}' the fourth day all abdominal tenderness had disappeared and 
the spleen w'as smaller, though still easily palpable She w'as discharged from the 
hospital fire dajs after admission in good condition 

SuMMARV — Six of the patients in this group were admitted as emeigen- 
cies to the Suigical Service, and the remaining three were admitted to the Medi- 
cal Seivice One of the patients admitted to the Medical was transfen ed to 
the Surgical Service soon after admission, and all the patients in the series were 
caiefully observed by the suigical staff until the diagnosis rvas definitely estab- 
lished, and the abdominal symptoms had subsided 

An analysis of this series of cases reveals the follorving facts The diagnosis 
of malaria rvas suspected and finally established because of The presence of 
leukopenia on admission in trvo patients A rise m temperature accompanied 
by a leukopenia, at some time after admission, m three patients The occur- 
rence of an unexplained chill in two patients In trvo patients, the parasites 
were found m the routine blood smear 

Sudden onset of serere abdominal pam occurred m six patients In the 
remaining three the pain was at first relatively mild, and^iadually increased 
m seient} Nausea accompanied the pam in all cases, and vomiting occurred 
m eight Only thiee patients had prodromal symptoms such as headache and 
general malaise, and in only three patients tvas there a history of previous 
attacks of abdominal pam similar to the present illness The past Instory w^as 
of significance in suggesting malaria as a cause of the symptoms in two 
patients, and chills occurred during the present illness in only thiee cases 
Leukopenia w'as an important finding m most of the cases m this senes, 
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being piesent on admission in six of the nine patients In two other cases 
the white blood count fell below normal aftei admission, coincident on both 
occasions with a use in tempeiatuie, and m each case paiasites weie found 
at the time of the use in tempeiatuie The white blood count was elevated 
in one patient on admission Only thiee patients had veiy high fever at the 
time of admission Two otheis had normal tempeiatuies and in the remaining 
four cases there was a slight oi moderate temperatuie elevation 

The spleen was felt in only one case, and this patient had such maiked 
abdominal tenderness and muscle spasm that neither the liver nor spleen was 
palpable until seveial hours after the parasites had been found and quinine 
administeied Among the lemammg eight patients, the hvei could be felt 
in only one 

In thiee of the patients in this senes, there was definite involuntary 
iigidity of the abdominal wall at the time of admission to the hospital 

The two patients who gave past histones of malaria had leceived, as well 
as could be determined, inadequate treatment The other eight patients, 
however, had never had symptoms of malaria and had never leceived anti- 
malarial treatment 

The impoitance of painstaking, unhuiried examinations of the blood in 
cases similar to those leported heie cannot be ovei emphasized Parasites are 
often found by the thick-diop method of examination when they are not 
numei ous enough to be seen m smears In one of this group of patients, para- 
sites weie never found in the smears but were easily seen m a thick drop, and 
in four others thick drops weie examined to confiim the findings m the 
smears Repeated examinations of the blood weie pei formed in five cases 
before paiasites were seen 

In this group of nine patients, P vwax weie found in the blood of seven 
and P jalcipm um m the remaining two patients 

CONCLUSIONS 

The usual criteiia foi differentiation of malaiia fioni the common, acute 
suigical diseases of the abdomen are stiikmgly inadequate in most of the 
cases in this series High fever was not piesent in most of the patients and 
abdominal iigidity, which is usually said to be absent in most patients, was 
present in three of the nine cases leviewed heie The abdominal signs varied 
greatly, and the usual physical evidences of malaria such as enlaigenient of 
the spleen and liver were rarely present 

On the othei hand, leukopenia was piesent m eight of these patients 
either at the time they were first seen or soon afterwaid, and this finding, 
therefore, may be of considerable aid in suggesting the piesence of malaiia 
The examination of a blood smear and thick drop as quickly as possible fol- 
lowing a chill or an unexpected sudden elevation of temperatuie is an impor- 
tant proceduie in examination which led to the establishment of the correct 
diagnosis in five of these patients 

The finding of malaria in the blood of patients who present findings char- 
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acteiistic of intiapeiitoneal disease obviously does not exclude the possibility 
that such a disease may also be piesent This is well illustrated in anotliei 
patient, not included in this senes, in whom parasites of tertian malaiia were 
easily found, but who had the classic physical evidences of a spreading peii- 
tonitis Opeiation was delayed for several houis dm mg which tune vigorous 
antimalarial theiapy was administered Because the symptoms and physical 
signs were unchanged, celiotomy was then performed, and a perfoiated duo- 
denal ulcer and localized peritonitis were found 

That abdominal manifestations of malaria may occur fairly fiequently is 
indicated by the fact that eight of the cases reported heie occuried among a 
total of only 266 cases of malaiia admitted to the Vanderbilt University Hos- 
pital This total number includes all patients in whom a diagnosis of malaria 
was made, regaidless of the conditions for which the patients were admitted 
to the hospital 

It IS sui prising that seven of the patients in this senes were found to 
have teitian malaria, since the predominant organism has been P falapaiinn 
in previous leports of cases similai to these The piedominant organism in 
the temperate legions of Noith America is P vivav, and these cases serve to 
call attention to malaiia as a pioblem in differential diagnosis among the 
acute suigical diseases of the abdomen in the Southern United States 
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CALCIFIED CONSTRICTIVE PERICARDITIS^ 

Eldridge L Eliason, M D , 

AND 

Robert B Brown, M D 

PlIIL\DELPniA, Pa 

Case Report— Hosp No 10689 K R, white, male, age 38, was admitted to the 
Hospital of the University of Pennsylvania, April 18, 1927, with the history of having 
been confined to bed for several weeks in 1924 with pain in his chest The details of this 
illness are not available and a definite diagnosis was not established His hospitaliza- 
tion was for repair of right inguinal and femoral herniae At this time he complained of 
vague, and occasionally cramp -1 ike, abdominal pain Because of the patient's occupation 
as a painter, a diagnosis of lead poisoning was considered but subsequent studies failed to 
establish this During the operation of herniorrhaphy, it was noted that the peritoneum 
was inflamed and that an excessive amount of straw-colored fluid escaped from the abdom- 
inal cavitv Discharged, AIa> 6, 1927 In June, 1927, a few weeks after operation, the 
patient was referred to the Gastro-Intestinal Clinic for further studies 111 regard to his 
abdominal pain These studies, including roentgenologic examination of the gastro-intes- 
tinal tract, were essentially negative Shortly thereafter the abdominal pain disappeared 

The patient was next seen in the Gastro-Intestinal Out-Patient Department, Novem- 
ber II, 1935 (Clinic No 30-1122) He came to the hospital because of repeated attacks of 
quinzy, frequent chest colds with cough and expectoration, and weight loss of ten pounds 
during the preceding year and one-half Just prior to admission the patient had developed 
shortness of breath, which, however, was not severe enough to interfere with his daily 
work 

Physical E\a)}iwafion — The chest was essentially normal, cardiac rate 80, rhythm 
regular, blood pressure 109/68 in the left arm and 109/70 in the right arm, no cardiac 
enlargement was demonstrable clinically , there was no systolic retraction of the pre- 
cordium, no Broadbent's sign The abdominal examination was negative for liver enlarge- 
ment and for ascites, there was no peripheral edema, the left external jugular vein was 
engorged and pulsating 

Roentgenologic examination of the chest was negative for parenchymal disease It 
did, however, reveal extensive calcification of the pleura on both sides as well as of the 
pericardium (Figs lA and 2A) The heart was slightly enlarged on the orthodiagram, 
being 21 per cent above the predicted normal 

An electrocardiogram showed a normal rhythm, Q R S complex normal, split P 
waves, P-R interval 017 sec , T wave inverted m Leads II and III These changes were 
interpreted as indicative of myocaidial abnormaht}'' 

Blood and urine examinations were essentially negative Serum calcium 105 mg per 
cent, serum phosphorus 33 mg per cent, sedimentation rate 15 Mm in one hour, Kahn 
and Kolmer negative, mtracutaneous tuberculin test (001 mg ) stiongly positive 

Clinical Diagnosis — Polyserositis, involving the pleura, pericardium and peritoneiini 
This diagnosis was supported by, and gave significance to, the previously undiagnosed 
episodes of abdominal and chest pain 

Although advised to attend Cardiac Clinic, the patient was not seen for over a year 
In August, 1937, he was readmitted to the Medical Service, complaining of shortness of 
breath, swelling of the feet and ankles and lower sternal pain He described this pain 

* Read before the Philadelphia Academy of Surgery, January 16, 1939 Submitted 
for publication March 17, 1939 
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i u 1 - lA) Befoie opeiation (Bl One ^ear rostoperatf\ e 



A B 

Fig 2 — (A) Before operation (B) One >eir postoperatue 


Plivsical Exaunnaiion revealed slight fever, auricular fibrillation with a pulse rate of 
80, heart sounds distant, no precordial pulsation to inspection or palpation, no murmurs , 
blood pressure 95/70, cyanosis of the lips, marked engorgement of the veins m the neck, 
basal rales, moderate enlargement of the Iner, three fingers below the costal margin, 
slight ascites and edema of the scrotum and legs 
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On a regimen of rest and digitalis the peripheral edema disappeared only to be replaced 
by a new complaint, a return of abdominal pam This was generalized and accompanied 
by diarrhea at the onset The abdomen was somewhat resistant to palpation and slightly 
tender throughout During several weeks of hospitalization, the acute process in the abdo- 
men subsided However, the amount of fluid had increased steadily Diuretics including 
salyrgan failed to check this increase Clinical Diagnosis Chronic constrictive peri- 
carditis The subsidence of the acute process in the abdomen (serositis) and the presence 
and persistence of incapacitating circulatory signs and symptoms seemed to show that 
surgical intervention was indicated 

A preoperative abdominal paracentesis was performed and 4,300 cc of clear, straw- 
colored fluid were removed Laboratory studies revealed that the ascitic fluid contained 
more than the elements of a pure transudate Specific gravity of i 020, a protein content 
of 2 76 Gm per 100 cc of fluid, and counts of 187 red blood cells and 367 white blood cells 
(78 per cent polymorphonuclears) per cubic centimeter, supported the clinical diagnosis 
of a superimposed, subsiding exudative phase Routine culture of the fluid was negative 
No acid fast organisms were demonstrable by direct smear Culture and guinea-pig inocu- 
lations for the tubercle bacillus were also negative 

Opeiation — November 22, 1937 Under intratracheal ether anesthesia, an incision was 
started at the level of the third rib and continued downward along the left border of the 
sternum, then outward to the lower border of the sixth nb The fourth, fifth and sixth 
costal cartilages were removed in entering the anterior mediastinum The pericardial con- 
stricting lesion was easily demonstrable A wide, stony, hard band of calcium encircled 
the heart m its midportion, effectively obliterating all pulsations in this region It was 
only above and below this constricting band, at the pulmonary conus and the apex respec- 
tively, that the cardiac impulse was visible 

The pericardium was freed from the pleural reflection on the left The pericardial 
sac was then entered over the apex of the left ventricle below the calcified band By 
carrying this incision upward just inside of and parallel to the left border of the heart, 
It was possible to free a slightly adherent outer fibrous layer of pericardium from the 
calcified layer beneath The edges of this outer layer served very admirably as a tractor 
to manipulate and steady the heart during subsequent procedures (Fig 3) 

The constricting band was first divided with a rongeur from below upward along the 
line of the previous incision in the overlying fibrous layer As soon as this division had 
been completed, the cut edges were spread apart by the expanding heart, now released 
from constriction 

The remainder of the operation was devoted to the tedious process of removing the 
shell of calcium which was fully one-eighth of an inch thick Fortunately, in most areas 
it was possible, by very tedious blunt dissection, to separate the calcified covering from 
the overlying pericardium and the myocardium Brisk bleeding in one or two spots was 
adequately controlled by pressure 

After approximately three hours, the anterior, exposed portion of the heart had been 
divested of its calcified covering Although the left border of the sternum had been 
removed with rongeurs to obtain better exposure in this direction, thickened pericardium 
still remained over the inaccessible portions of the right auricle and m the region of the 
inferior vena cava 

The possibility of removing the remainder of the pericardial shell through a similar 
approach to the right of the sternum was considered It was felt that the patient had had 
sufficient surgery for the day The outer fibrous layer of pericardium was now excised 
A single Penrose dram was placed in the anterior mediastinum and brought out through 
the lower angle of the wound which was closed in layers 

Postopei ative Couise — Convalescence was surprisingly uneventful The patient was 
placed in an oxygen tent for the first few days He alternated between fibrillation and 
normal rhythm, finally to continue in fibrillation A nonhemolytic staphylococcic infec- 
tion developed around the dram but, fortunately, never progressed to the serious stage 
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of a sprcadmg ™d.ast,mt.s The patient was discharged approMmately seven weeks after 

°‘’''Srte9^'“l'L‘iTrr-The patient has been seen frequently in the ^lunc M„ce 

discharge, and the most recent evaluation of the patient's postoperative status, December 
IS, 1938, approximately one year after operation, is as follows x i „ ,e 

Ihe patient is healthy in appearance He is back at work and exercise m 

no longer limited m terms of distance walked or stairs climbed Blood pressure 130/90 



I 

ITg 3 — Operatue field showing approach and the pericardial la>ers 

— a definite elevation of systolic and pulse pressure The heart continues to fibnllate — 
apical rate 84 (digitalis, gr dailj, was stopped at this last visit) No cardiac symp- 
toms, no substcrnal pain, no cough, no ascitis or edema, no rMes 

Venous pressure, as judged by engorgement of cervical \eins, has fluctuated since 
operation At present it is still somewhat elevated These veins are empty when the 
patient is erect but are filled when in a recumbent position, and up to an angle of 30° 
nith the horizontal The liver edge remains just palpable below the costal margin 
Cardiac area, as determined bj orthodiagram, is increased 15 per cent over the pre- 
operati%e ^alue. Electrocardiogram remains essentially the same 

Bahslocatdwgiapltic Changes (Fig 4)— These studies were made by Dr Isaac Starr 
who has published prehminarj reports^ on the balistocardiograph Suffice it to say, for our 
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purpose, that the major waves recorded on a bahstocardiographic tracing are primarily 
due to movement of blood from the heart and around the arch of the aorta with each 
cardiac systole The amplitude of these waves is an indirect expression of cardiac 
output 

Although the abnormal cardiac rhythm in our patient confuses the wave pattern, it, 
nevei theless, is easy to compare the waves as to amplitude A definite increase is noted 
postoperatively, although the amplitude does not reach that of the control The correspond- 
ing increase in pulse pressure and decrease in venous pressure are recorded An electro- 
cardiogram was taken simultaneously with the patient’s postoperative balistocardiogram 



•R.aqt 37 tolcified ptricord’ium V.?. 2.2 



some 








Fig 4 — Balistocardiogram 

Comparison of the preoperative and postoperative roentgenograms shows a marked 
change m the appearance of the cardiac silhouette with an increase in both the posterior 
position (Fig 2 A and B) and transverse (Fig lA and B) diameters of the heart 
following operation One cannot be entirely sure, however, that part of the shadow 
on the postoperative film, interpreted as anterior enlargement of the heart, may not be 
explained on the basis of tissue change following the operation This comparative study 
suggests, but does not conclusively demonstrate, the decrease in calcium in the pericardium 
following Its operative removal 

Comment — A few points in this case seem worthy of biief comment The 
chronology of development of the symptoms is interesting If we are justi- 
fied, and It would seem that we are, in assuming thaP the attack of chest pain 
in 1924 was the first clinical manifestation of the condition variously called 
polyserositis, Pick’s disease, Concato’s disease, concretio pericardii, medi* 
astino pericarditis, etc , fully ten years passed from the date of onset until in- 
capacitating cardiac symptoms developed That extensive calcification was 
present in the pericardium for at least two years prior to operation is a cer- 
tainty 
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Once the cardiac symptoms had become full blown, the patient presented 
the classic triad of the chronically compressed heart (i) A relatively small, 
quiet heart (2) High venous pressure (3) Ascites and an enlarged liver 
The demonsti ation of calcium in the pencaidium by roentgenologic exam- 
ination IS a definite, but not essential, aid to the recognition of this condition 
The diagnosis, as m our case, will, in most instances, be made by the intern- 
ist Once diagnosed, the treatment is surgical 

Details of opeiative technic will not be discussed except for the question 
of drainage It is absolutely essential to dram the pericardial space m some 
manner m ordei to avoid a postoperative fluid collection uith the threat of 
acute cardiac compression External drainage is accompanied by the danger 
of descending infection and the serious complication of a spieadmg medi- 
astinitis Although infection developed in this case, it remained relatively 
superficial Pei haps in the future it would be better to follow the suggestions 
of Beck^ and Griswold‘S and dram into the pleural cavity 

Prognosis — It is impossible to conceive of a pencardiectomy wound heal- 
ing without the foi Illation of adhesions tending to fix the heart to the steinum 
and surioundmg stiuctures However, these exti apencardial adhesions, as 
opposed to actual pericaidial thickening and calcification, aie probably of but 
slight import BeclP states that these adhesions aie of no clinical significance 
unless the heai t is actually angulated or twisted The findings of Hosier and 
^VllllanlS' suppoit this statement Thejf studied, at autopsy, 76 cases with 
extensive peiicaidial adhesions Caidiac hypertrophy had occuired only in 
those individuals 111 whom concomitant heart 01 valvular disease was demon- 
sti able 

ChuichilP collected 37 cases, which had had a decoi tication of the heart 
for adhesive peiicaiditis In five instances, the opei ation was mteiiupted foi 
one leason or anothei Of the lemamnig 32, 19, 01 59 per cent, obtained 
excellent lesults The operative moitahty was 22 per cent 

Moie lecently, Schmieden and Westei mann,“ some of whose cases weie 
included in Chui chill’s statistics, have leported the end-iesults of 22 opera- 
tions for constuctive pencaiditis Six patients enjoyed a lestoi ation to full 
health, six were inaikedly impioved, one died at opei ation, seven died post- 
opeiatively, and two died aftei tiansitoiy impiovement 

In oui case, the patient may be classified as an excellent result to date, 
aiipioximately one yeai after operation However, it must be acknowledged 
that evidence of slight cardiac compression peisists, and it is possible that, 
sometime m the futuie, furthei surgeiy may be indicated 

Dr Francis C Wood, of the Cardiac Clinic of the Hospital of the Univ'ersity of 
Pcnnsyhania is responsible for the extensixe and careful medical study which was carried 

out on this patient, and wish to thank him for the privilege of reporting the results 
of his efforts 
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Discussion — Dr Francis C Wood (Philadelphia, Pa) Some re- 
ports of the postoperative course of Pick’s disease suggest that a rather dra- 
matic, immediate impiovement in the circulation occurs as soon as the heart 
IS released from compiession Such was not the case in our patient For 
several days there was no definite change in his condition Then, very slowly, 
improvement began and continued over a period of several weeks Dr Paul 
White’s report (Lancet, 2, 539, September 7, 1935) of the cases studied by 
him and Doctor Chui chill, 111 Boston, indicates that there is, as a rule, a period 
of from three to seven days aftei opeiation, befoie diuresis begins Doctor 
Atkins tells me the same delay in the onset of improvement has been noted in 
Doctor Beck’s cases in Cleveland The 1 eason why that latent period occurs 
is not undei stood 

Although tuberculous peiicaiditis can pioduce chionic caidiac compres- 
sion, Burwell and Blalock’s papei (JAMA, no, 265, January 22, 1938) is 
the only one I know of, which repoits an appieciable incidence of cases with 
tuherculous etiology White states that the etiolog}" of the pericardial lesion 
m Pick’s disease in ten of his 15 cases was "unceitain or unknown”, only two 
had tuberculous peiicarditis No tubeiculous lesions vere demonstiated in 
our patient The high incidence of tuberculosis in Bui well’s senes may be 
due to the fact that 19 of his 21 cases were repoited fiom Nashville, Tennes- 
see Consequently, his gioup may have contained a higher pioportion of 
Negroes than the gioups leported from Boston and Cleveland 

Dr Eldridge L Eliason (closing) The opening was made m the pei i- 
cardium just below the constiictmg band The calcified area w^as then sepa- 
rated milhmetei by millimeter, and then lemoved wuth a rongeur forceps 
Twice, a slight wound was made 111 one of the cardiac veins resulting in a 
rather active hemorrhage The pericardium w^as not complete^ removed 
The anterior mediastinum was drained 

N B — Patient’s last follow-up examination was made on February 6, 
1940, two 3'^ears aftei operation Condition was essentialty that of December, 
1939 Theie was no evidence of increasing cardiac compression 
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DANGER IN THE USE OF LOCAL INFILTRATION ANESTHESIA 
IN OPERATIONS UPON AIALIGNANT TUMORS" 

William T Peyton, MD 

Minneapolis, Minn 

FROM THE DEPA^TME^T OF SLRGERl, UM\ ERSITI OF MINNESOTA, MINNEAPOLIS MINN 

The most oirrERENTiATiNC feature between benign and malignant tu- 
mors IS the ability of malignant tumors to produce metastases Any factor, 
therefore, which tends to accelerate or diminish the foimation of metastases 
IS of the greatest importance in the care of tumors Unfortunately, the most 
potent factors m the production of metastases, that is, the type of tumor and 
degree of malignancy, are entirely beyond one’s control 

There are, however, certain clinical piocedures which, when improperly 
performed, may tend to produce metastases, i e , biopsy, palpation of tumor, 
and operation for lemoval of tumoi 

Biopsy, utilized by SchiclP in 1851, and by ThiersclP in 1865, and intro- 
duced as an indispensable routine method into the clinical laboiatory by Ruge,^ 
in 1879, has been questioned as a possible cause of spiead of metastases Ani- 
mal experimentation, howevei, does not support this view Wood- inocu- 
lated 400 animals with Flexner lat carcinoma, a growth that normally pio- 
duces metastases to the lungs in 20 per cent of the animals Two hundred 
of these animals had a biopsy performed, 200 weie kept as controls Ten 
da)'^s aftei the biopsy all tumors in both gioups weie lemoved Seveial 
months later the animals were killed and autopsies performed There was no 
difference in the incidence of metastases in the lungs 111 the expeiimental and 
control animals 

It has long been the opinion of many clinicians that cancel may be dis- 
seminated by tiauina Gerster,^ as early as 1885, m a paper on the “Surgical 
Dissemination of Cancer,” says that one of the advantages of extremity am- 
putation foi cancel is that operation at a distant point from the tumor obvi- 
ates handling of the lesion Avith consequent dissemination This was, however, 
entirely a matter of opinion until Tyzzer,^ m 1913, performed experiments to 
determine the effect of massage on the spread of cancer metastases from tumor 
tiansplants m mice 

Taking 22 Japanese waltzing mice, Tyzzer inoculated them with tumor, 
and 27 days latei separated them into two comparative series on the basis of 
size of the implanted tumor One group was manipulated and massaged 
lepeatedly and all the mice ^\ere killed 46 da^^s after inoculation Of the ii 
massaged tumor mice, seven (66 pei cent) were found to have metastases in 

♦Tins research was made possible bj a grant from the Cancer Institute Research 
Fund supported through the Citizens Aid Society 

Submitted for publication March 3, 1939 
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the organs, especially the lungs, while only three (27 per cent) of the control 
mice had such metastases, (P = 0294) In another series of 20 Japanese 
waltzing mice, divided and treated in practically the same manner, the results 
were that m ten massaged mice, eight (8o per cent) developed metastases, 
ten contiols developed no metastases, (P = 0013) 

In still anothei gioup of 12 contiols and 12 expeiimental Japanese waltz- 
ing mice, Tyzzei found metastases in foui (33 per cent) massaged tumor mice 
and zero of the control mice (P = 0061) 

In all of these experiments conditions were sufficiently similar to combine 
the data, and in addition two others of his mice, one with massaged tumor and 
one control, can be added, to give 34 mice w ith massaged tumors, in which 20 
(66 per cent) w'ere found to have metastases, and 34 control mice, in which 
three (9 pei cent) developed metastases, (P = 0002) In tw^o tumors which 
do not produce spontaneous metastases, t e , Ehilich mouse tumor ii and Jen- 
sen lat sarcoma, Tyzzei w^as unable to produce them wnth massage 

Knox^ ® peifoimed experiments similar to those of Tyzzer wnth trans- 
planted animal tumors but used a number of different tumors, both carcinoma 
and sarcoma She concluded that those tumois wffiich metastasize spontane- 
ously m a high peicentage do not show as gieat an inciease after massage as 
do those in wdiich spontaneous metastases are low 

The plan adopted m this 1 eport is to gi oup all her matei lal into twm groups 
— caicmoma and sarcoma — and analyze each of these as a whole, for signifi- 
cant diffeience in those wnth massaged tumors and those without massage, or 
the controls 

In the caicmoma gioup there weie 29 Flexner rat caicmomata, 20 Bond 
mouse carcinomata, 23 Ehrlich mouse carcinomata, 41 Crocker Fund mouse 
tarcmomata No 5, 80 No ii and 24 No 48 There were m this material 
III animals wntli massaged carcinomata m which 35 (31 per cent) were found 
to have metastases at autopsy and 106 contiol animals 111 which 25 (24 per 
cent) developed metastases, (P = 0325) 

In the sarcoma gioup there w'eie 28 Crockei Fund mouse sarcomata No 7, 
180 Crocker Fund mouse saicomata No 181, and 57 Ehrlich mouse sarcomata 
There w^ere m this matei lal 133 massaged tumors in wdiich 37 (28 per cent) 
were found to have metastases, and 132 controls m wdiich 29 (22 per cent) 
were found to have metastases, ( P = o 393 ) 

Marsh^ made similar experiments with spontaneous mouse tumors These 
spontaneous tumois are presumably more like the clinical tumors with which 
the surgeon has to deal, but infiltration even m these tumors is rare, they are 
well circumscribed tumors with a tendency to encapsulation and, hence, prob- 
ably much less prone to produce metastases than are the infiltrating diffuse 
human breast cancers Marsh had 50 albino mice bearing epithelial tumor of 
the breast as experimental animals which were massaged, and at death 31 (62 
per cent) had macroscopic pulmonaiy metastases He had 459 co ntrols in 

* Signifies that there are 29 chances in 100 for such a difference as exists between 
these tw'o groups to arise by sampling 
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ANESTHESIA IN MALIGNANT TUMORS 
which 184 (40 per cent) were found to have pulmonary metastases at death, 

(P = oo74) ^ . 

It would seem proper to draw' the conclusion from these experiments ot 
T}zzer, Knox and Marsh that there is a slight tendency for rough handling 
or massage of malignant tumors to disseminate the lesion, and that it is vari- 
able according to the t}pe of lesion manipulated Rous, on the other hand, 
makes the statement that he massaged some adenocarcmomata m rats with 
the result that the animals all died, but it did not cause the tumor to go into 
the blood stream an} more than ordinarily 

If massage mil disseminate malignancy, it might be expected that the 
trauma incident to operative removal would have the same effect though per- 
haps to a lesser degree 

Clunet^ found m 145 nonoperated mice bearing tumor M, there w'eie no 
visible metastases at autopsy follow mg natural death, but in 1 1 operated mice 
bearing the same tumor, fii e w ere found at autopsy to have developed metas- 
tases (P = 0000) In mice wnth another tumor F the same type of experi- 
ment was performed In 230 control animals there w'ere two wnth visceral 
metastases, and in 24 which had been operated upon there w'ere nine wnth 
Msceral metastases, fP = 0000) 

T}zzer'* operated upon five Japanese waltzing mice beaimg tumor and had 
two others for contiol Three of those operated upon and both of the non- 
operated mice had metastases at autopsy In another series of Japanese waltz- 
ing mice with tumors, he had 21 controls and 19 experimental animals In 
these animals he recorded not only the mdnidual incidence of metastases, 
which were present 111 all except one control and one experimental animal, 
but he also recorded the number of metastases found m each animal and the 
da}s the animal hied after inoculation A comparison of the mean of num- 
ber of metastases for these data gives (P = 61 7) A similar comparison of 
the mean number of days the animal sun ived after inoculation quite definitel} 
tliat tlie animals w ith operation had a longer sunnval as a result of the opera- 
tion (P = o 019) 

It ivonld, therefore, seem to be not definitely settled that operation does 
tend to produce metastases since the experiments of Ounet indicate that 
It does and similai experiments of Tizzer indicate that it probably does not 
produce metastases 

The clinical impression has been gained that local infiltration anesthesia 
inai occasional!} cause dissemination of malignanc} This impression came 
from the occasional case of carcinoma which developed an extensive local 
dissemination or metastases to regional nodes after operation under local 
infiltration anesthesia 

To check this impression animal experiments were carried out by inocu- 
lating larious tumors into mice and when the tumors had reached a proper 
size the} were duided into control and experimental groups The tumors 
in the control group were removed under anesthesia and at approximately 
the same interval after inoculation the tumors in the experimental group 
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were removed undei anesthesia, but in addition i cc of a o 5 per cent 
solution of novocain was injected about the tumoi m the experimental 
animals 

The results of these expeiiments were 

Sarcoma i8o 

Control, 50 mice Pulmonary metastases o 

Expenmental, 50 mice Pulmonary metastases 2 

P = o 162 

It was concluded that this tuinoi was not satisfactoiy because as a rule 
local recurrence would kill the mouse before metastases wei e produced 

Adenocarcinoma 224 (Figs i and 2) 

Control, 46 mice Pulmonary metastases g 

Expenmental, 46 mice Pulmonary metastases 15 

F ^0273 

This tumor was tested foi its ability to produce spontaneous metastases 
when allowed to carry the tumor 40 to 50 days without any manipulation 
or operation In 18 mice metastases developed m six, 01 33 per cent It 
was concluded that this tumor has too great a tendency to produce spon- 
taneous pulmonary metastases to give the most conclusive results Knox^ 
had previously noted this difficulty m working with tumors which readily 
produce metastases 

Tumor G (Figs 3 and 4) 

Control, 48 mice Pulmonary metastases 5 

Experimental, 58 mice Pulmonary metastases 20 

P = o 020 

Tumor D in dba mice 

Control, 40 mice Pulmonarv metastases 4 

Experimental, 42 mice Pulmonary metastases 13 

P = o 058 

These experiments would seem to indicate that the common surgical 
practice of injecting local infiltiation anesthesia for biops}^ 01 removal of 
malignant tumors is a dangeious procedure and should be discontinued 
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FOLLICULAR LYMPHOBLASTOMA 
Benjamin Sherwin, M D 

AND 

Morris Spirtes, MD 
New York, N Y 

FROM THE SURGICAL SFRMCP OF DR MR»i DWIGHT LINCOLN HOSPITAL, NFM lORK, N 1 

In 1925, a disease entity called at first “giant hyperplasia of the lymph 
nodes and spleen” and later “follicular lymphoblastoma” was crystallized out 
of a group of generalized lymphadenopathies with splenomegaly by Brill, 
Baehr and Mandelbaum ^ The disease was first thought to be benign, but 
the course in many instances proved otherwise Hence the change of the 
name from “hyperplasia” to “lymphoblastoma ” Clinically, the separation of 
this entity from the group of lymphoblastomata seems justified because, until 
now, the diseased tissues have been found to be extremely ladiosensitive and 
a few of the patients involved have been able to be kept alive for as long as 
13 years after the onset of the disease 

Case Report — Hosp No 73782 A P , white, female, age 37, was admitted to the 
Lincoln Hospital, August 3, 1937, complaining of pain in the lower left chest and loss of 
32 pounds during the four preceding months She had had whooping cough in childhood 
In 1925, an abortion, and during the same j'ear developed a pleunsj^ on the left side, w'hich 
lasted three to four daj's and disappeared after strapping and sedation In 1927, a hysterec- 
tomy In June, 1937, corjza, followed two dajs later by “pleurisy” with pains in the left 
lower chest, lasting four to five daj s 

Pjcscnt History — ^Eleven dajs before admission to Lincoln Hospital, she had another 
episode of similar chest pain in the same region The pain was stabbing in character and 
Avas aggravated by breathing It was refractory to therapj’’ and continued unabated until 
admission Night sweats were noted as w'ell as weakness No history of tuberculosis, 
nor had she had any contact with tuberculous cases No prolonged cough , no hemoptysis 
Lues denied No familial history of splenomegah or any other disease 

Physical Examination — A mass was palpated in the left upper quadrant of the abdo- 
men which extended from beneath the left rib margin to the umbilicus It was hard, non- 
tender and had a definite sharp edge The liver extended two to three fingers’ breadth 
below the right costal margin , it was not tender and had a sharp edge On inspiration, a 
rub was heard o\er the mass in the left upper quadrant No other pathologic findings 
Blood pressure 120/80 

Laboiatoiy Date— Urine Albumen 0 to trace, glucose and acetone negative, specific 
gravity i 004 Microscopic examination showed W B C in clumps, occasional R B C , 
no casts Hematologic Findings Fragility test for R B C normal The bone marrow, 
obtained bj sternal puncture, showed a great increase in the number of hmphocytes (Doc- 
tor Vogel) 


August 6, 1937 

Hb 79% (Sahli, 17 Gm equal 100%) Nonsegmented polys 

^ ® ^ 46 million Segmented polys 

® ^ 4,800 Lymphocytes 

Platelets 210,000 Monocytes 

Reticulocytes—less than 0 5 % Eosinophils 

One lympliocyte w as seen in division 

Submitted for publication February 23, 1939 
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August 19, 1937 

Hb 69% (Sahli, 17 Gm equal ioo%) 

R B C 41 million 

W B C 6,200 

Platelets 190,000 


Nonsegmented polys 4 

Segmented polys 46 

Lymphocytes 42 

Monocytes 4 

Eosinophils 3 

Basophils I 


Two lymphocytes were seen m amitotic division A definite diagnosis of leukemia could 
not be made from the smear and the bone marrow at this time 

Intravenous and retrograde pyelograms revealed a double ureter on the left side and 
a somewhat enlarged kidney shadow There was also a slow, unsatisfactory excretion of 
indigo carmine from the left kidney Roentgenograms of the lumbosacral spine and lungs 
were negative A barium enema was negative 

The differential diagnosis, apparentl>, lay between (i) Aleukemic leukemia (2) 
Banti's syndrome (3) Neoplasm of the kidney 

One of the first diagnoses entertained was that of Banti^s syndrome because of the 
enlarged liver, spleen and the leukopenia This was discarded after the bone marrow 
study was made The two factors which led to the consideration of the diagnosis of 
aleukemic leukemia were First, the tumor in the left upper and left middle quadrant of 
the abdomen, which was assumed to be spleen b> some because of its sharp and notched 
edge , and second, the inci eased number of lymphocytes in the sternal bone marrow smear 
The gemto-urinary consultants believed, however, that there was a possibility that the 
abdominal tumor was a kidney, being influenced by the impaired kidney function and the 
urinary findings to consider them evidence of a possible renal neoplasm or nephritis 

In order to settle the question as to what organ in the abdomen comprised the tumor, 
the mass was punctured and a biopsy obtained This proved to be composed, almost 
entirely, of small round cells It was, therefore, decided that the tumor was the spleen 
The question as to the kidney findings, however, still remained unsolved, as there was 
no history of nephritis, and since the results of the bone marrow puncture were not 
deemed conclusive enough to defimtel}'- establish the diagnosis of an aleukemic leukemia, 
an exploratory celiotomy was performed to find exactly what was present in the abdomen 
Operahon — August 28, 1937 Opciaiwe Pathology Large, smooth spleen, weighing 
2,000 Gm , blue with a dusky redness throughout, very soft and rather friable, with a 
moderate perisplenitis (very thin adhesions connecting spleen to diaphragm and parieteal 
peritoneum) Marked retroperitoneal and mesenteric adenopathy, with superficial edema 
Opeiaiive Piocedme — Abdomen opened through an eight-inch midrectus incision 
Abdominal cavity well walled-off after identifying the pathology present Careful separa- 
tion of spleen from abdominal panetes and diaphragm The spleen was delivered into the 
wound, and its pedicle ligated en masse with chromic No 2 The artery and \ein were 
then separately ligated with chromic No 2 A small node in the mesentery was removed 
for pathologic examination Wound closed 

The patient was discharged, September 19, 1937, and sent to the Mt Sinai Hospital, 
New York City, for roentgenotherapy 

Pathologic Examination of the Spleen — Path No 5023 Drs Spirtes and C R 
Brown Maci oscopic The spleen was soft and friable, weighing i,Soo Gm , and measur- 
ing 30X22X 15 cm Transection through the organ revealed an unusual appearance The 
pulp was composed of innumerable larger and smaller nodules which were firm and white 
and measured between 2 to 5 Mm in diameter These nodules composed the greater part 
of the splenic parenchyma The red pulp was reduced to a mere supporting stroma 
between the nodules Several large venous channels were visible (Fig i) There was 
an enlarged lymph node at the hilus 

Microscopically, the capsule is moderately thickened Very few connective tissue 
strands arise from the capsule and penetrate the splenic pulp A large number of 
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malpighian bodies of varying size can be seen in the pulp, which is so compressed as to be 
reduced to mere streaks between the numerous lymph follicles The smaller follicles are 
mostly subcapsular, the larger ones more central The sinuses m many of these follicles 
frequently contain pink, acellular, homogeneous masses of tissue in hematoxylin and 
eosin sections With phosphotungstic acid-hematox 3 din stain, these masses stain like 
fibrin although they do not have its fibrillar structure The center of each follicle appears 



Fig I — ^Transection tlirough spleen renio\ed at operation 



Fig 2 — Photomicrograph of a giant follicle (Low power) 


somewhat lighter than the periphery, which is more cellular, the darker periphery, m 
turn, is surrounded by a lighter-staimng zone of compressed pulp The cells of the central 
and peripheral parts of the follicle do not differ The predominant cell is a lymphocyte 
with a rounded or slightly oval-shaped nucleus somewhat larger than the nucleus of a 
normal lymphocyte The nuclear chromatin is not clumped as in a normal lymphocyte and 
the nucleus, therefore, appears lighter Definite protoplasmic borders cannot be made out 
Interspersed amid the lymphocytes are larger reticulum cells with large, hght-staining 
nuclei surrounded by a definite nongranular cytoplasm Few mitoses are seen The 
compressed pulp is not very cellular and contains many reticulo-endothelial cells in 
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narrow sinuses whose long diameters encircle the follicles There is a moderate infiltra- 
tion of the pulp with lymphocytes similar to those of the follicles A few polymorpho- 
nuclear cells and some erythrocytes are also seen in the stroma The absence of hyalin 
thickening of the arteries of the pulp is unusual (Fig 2) 

Pathologic Examination of Lymph Node at the Hilus of the Spleen — Macioscopic 
Size 2 X 2 \ I cm The capsule is thin and adherent to the surrounding tissues Cut 
section shows a grayish, homogeneous appearance without definite follicles 

Mtaoscopicalh, the capsule is not thickened but is infiltrated with pathologic and 
normal lymphocytes The infiltrated cells are pressed between the connective tissue 
strands of the capsule into long rows and have somewhat elongated nuclei The peripheral 
sinus is likewise filled with these cells No definite, sharply defined follicles are present 
The abnormal lymphocytes are from focal collections in various points over the whole 
node In the center of the bunph node there can be seen some normal-appearing supportive 
connective tissue containing few cells, many of which are of the large reticulum cell type 
There is a large cluster of pathologic l}mphocytes in the adventitia of an arteriole just 
outside the capsule 

Subsequent Com sc — October 21, 1937 The patient was readmitted to the hospital 
essentially for the performance of a bone marrow biopsy The abdominal wound was 
found to be firmly healed The only additional finding on physical examination was a 
mass on the right side of the abdomen extending from the costal margin to the right 
lower quadrant and also over the midhne to the left upper quadrant of the abdomen This 
mass was irregular, nontender and freely movable It lay partiv over the liver in the 
right upper quadrant and was thought to be enlarged mesenteric Ivmph nodes 
The Pcftphoal Blood showed the following 


Hb 85% (Sahh, 17 Gm equal 100)%) 

R B C 52 million 

WBC 16,800 

Platelets 240,000 

Reticulocytes — less than 05% 


Nonsegmented polys 4 

Segmented polys 37 

Lymphocytes 51 

Lymphoblasts i 

Monocytes 5 

Eosinophils I 

Basophils I 


There is, therefore, a leukocytosis with a slight l3^mphoc>tosis present Many lymphoc^^tes 
showed amitotic division and there was an occasional lymphoblast (i per cent) to be seen 
This xvas the fhst indication, in the peiiphcial blood, of leukemia 

Bone Manozu — The specimen obtained at biopsy was found to be entire^" infiltrated 
with lymphocytes (Fig 3) 

The patient was discharged again, October 27, 1937, to Mt Sinai Hospital for further 
roentgenotherapy 

Second Readmission, July 8, 1938 For soreness of the mouth and gums The 
patient had been receiving roentgenotherapy to various nodes at Mt Sinai Hospital since 
her first readmission The roentgenologic report from the Mt Sinai Hospital stated that 
enlarged nodes were present at first in the left postcervical region The liver was 
enlarged two fingers’ breadth below the costal margin and a mass was felt in the upper 
abdominal region Under roentgenotherapy the patient improved and the nodes became 
smaller, however, other nodes enlarged from time to time All in all, she received 
roentgenotherapy from November 4, 1937, to June 27, 1938, at irregular intervals depending 
upon the clinical status 

Physical Evammation — Temperature 103,6° F, pulse 100, respirations 24 Blood 
pressure 134/80 Examination revealed a swelling of the gums over the incisor teeth with 
a few small bleeding points Numerous pinhead-sized patches with a wdiitish-gray deposit 
on the surface of gingival mucosa about the mouth The tongue and pharynx negative 
The neck showed man}^ enlarged lymph nodes both anterior and posterior to the sterno- 
cleidomastoid muscle There were definitely diminished bieath sounds and dulness over 
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the chest over the lower third of the left lung field The heart was essentially negative 
AbdoiMii The scars in the left upper and right lower rectus region were both well 
healed The liver was palpable at the umbilicus The extremities were normal Lymph 
Nodes There were numerous supraclavicular and axillary nodes bilaterally, and an 
enlarged node was felt m the left inguinal region The epitrochlear nodes were not 

^^^^^Laboiatojy Data— Blood count on the day of admission at Mt Sinai Hospital showed 
WBC 2,300, Hb 72 per cent (Sahli) At the Lincoln Hospital the W B C were 3,600, 
R B C 3,350,000, Hb 72 per cent (Sahli, 17 Gm equal 100 per cent) Differential 
Pohs 10 per cent, monoc3'tes 2 per cent, basophils 4 per cent, and lymphocytes 50 per cent 
Undifferentiated cells (appearing like large lymphocytes) 34 per cent The blood 
work-up in this case was performed by an intern and maj' not, therefore, be entirely 
reliable However, it indicates an abnoimally large number of lymphocytes with many 
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Fig 3 — Photomicrograph of the bone marrow biopsy showing infiltration with 

lymphocytes (Low power) 




immature forms At the same time, a certain degree of agranulocytosis was noted, evi- 
dently due to the prolonged roentgenotherapy, which was administered for seven months 
Roentgenograms of the chest revealed pleural effusion in the lower part of the left lung 
The mouth lesions, the soreness and swelling subsided with rest and the discontinuance 
of the roentgenotherapy The temperature slowly dropped from 104® F , on admission, 
to normal b\ July 12, 1938 Subsequently it occasionally rose to 100° F , but returned to 
normal within a few days Urine negative Patient was discharged, July 31, 1938 

October 6, 1938 The patient was seen in the Out-Patient Department and states that 
she had gained a great deal of weight and felt fine A large, palpable mass was felt three 
and one-half fingers’ breadth below the costal margin on the right side — apparently liver 
In the umbilical area, there was a suggestion of a mass which might very well have been 
intra-abdominal lymph nodes No edema of the extremities, a few palpable nodes could 
be found m the posterior triangle of the neck on the right side behind the sternocleido- 
mastoid The patient weighed 138 pounds Roentgenotherapy had not been resumed 

Since October, 1938, the patient began to complain of cough and developed ascites 
and peripheral edema She entered Mt Smai Hospital for a chest tap, and then Lincoln 
Hospital, where a pleural effusion was tapped several times and she was treated with 
diuretics She entered Montefiore Hospital in October, 1939 At that time she had 
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generalized lymphadenopathy, the liver was palpable two fingers’ breadth below the 
umbilicus, and there were emaciation and ankle edema She did not respond to chest 
taps and diuretics She developed ulcerative stomatitis, became ver} toxic and weak and 
died during November, 1939 

During her stay at the Montefiore Hospital her white blood count was 13,600, 60 per 
cent polys, 39 per cent mature-appearing hmphocytes, and i per cent lymphoblasts 
Hb 88 per cent 

Autopsy — Generalized l>mphadenopathy was present Ascites was e\ident There 
was a long left rectus scar on the abdomen, and edema of the lower extremities and 
sacrum An abdominal flap incision was performed and 3,500 cc of slightly sanguineous 
ascitic fluid was removed from the peritoneal cavitj The omentum was bunched together 
in the left upper quadrant and seeded with small tumor nodules The liver extended 
down to the level of the umbilicus, was very pale and full of round, white, firm tumor 
nodules There were 2,500 cc of yellowish, cloud} fluid in the left pleural cavity The 
hemiazygos and azygos veins were distended and prominent Tumor nodules could be 
seen in the parietal and \isceral pleura near the diaphragm Bronchopneumonia was seen 
in the left lower lung The pulmonary hilar nodes were enlarged bilaterally and were 
soft, pinkish in color, and showed some anthracosis The nodes extended along the 
thoracic aorta and invaded the upper portion of the parietal pericardium The heart was 
essentiall} negative The para-aortic nodes were enlarged throughout the length of the 
aorta, and invaded the surrounding structures They appeared to press on the vena cava 
inferior There was a tumor nodule 2 cm in diameter seen in the wall of the gallbladder 
A few small, ulcerated tumor masses could be seen in the lumen of the jejunum and 
ileum The wall of the sigmoid was also invaded by tumor tissue The left kidney capsule 
was thickened and invaded by tumor Tw^o pelves and two ureters could be seen on this 
side All of them were surrounded by a solid mass of tumor inv^ading the outer walls 
The tumor also extended upward and invaded the substance of the kidney Both pelves 
and ureters of the right kidne} were slightly dilated The other kidney was essentiall} 
negativ^e No uterus, tubes or ovaries were found The peritoneum of the pouch of 
Douglas was extensively invaded b\ tumor 

Microscopic Examination — Some of the l}mph nodes retained the skeletons of giant 
follicles, but the immature I}mphoc}tes were seen to have broken their bounds and exten- 
sively invaded the intervening tissue and the capsule, in other l}mph nodes the follicular 
structure was entirely gone and replaced by cells, such as found in a mixed cell type 
lymphosarcoma There were man} giant cells and mitoses in the latter type of nodes 
Qften nodes revealed a mixture of the tw’’o types of structure described abov^’e The tumor 
masses in the various organs had the same structure and contained the same type of cells 
as ifie lymph nodes A skeleton follicular structure could often be seen even in the 
metastases in the v’^anous organs * 

Discussion — Clinically, in the differential diagnosis of follicular tymplio- 
blastoma all the lymphadenopathies should be considered, namely 

I Benign 

(a) and (b) Tuberculosis and lues Both of these can be ruled out by 
t the history and coexistent symp- 

toms as well as roentgenologic 
findings in the case of tubercu- 
losis, and a negatn^e Wasser- 
mann m the case of lues 

*We are indebted to the Medical and Pathological Departments of Montefiore Hos- 
pital for permission to publish this abstract 
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(c) Mononucleosis The blood picture and the heteiophile antibody 

reaction serve to distinguish the disease 

(d) Othei acute and chioiiic infections — such as tonsillitis and 
German measles — can easily he distinguished clinically oi by 
clinical couise 

II Malignant 

(a) Pumaiy 

(1) Hodgkin’s disease 

(2 ) Lymphosai coma 

(3) Reticulum cell saicoma 

(4) Leukemias, aleukemic leukemias 

(5) Follicular lymphoblastoma 

(b) Secondaiy 

(i) Melastases from carcinomata to the lymph nodes 

A lymph node biopsy is usually necessary to make a diagnosis of one 01 the 
other of the malignant types of lymphadenopathies 

Incidence of Follicnlai Lymphohlasfoma — During the ten years, 1923- 
1933, 156 cases of primary malignant lymphadenopathies (not including the 
leukemias) were encountered in the Mt Smai Hospital, New York City, 
according to Rosenthal, Harris and Kean The numerical distribution of 
these cases showed Hodgkin’s disease 80 cases, lymphosarcoma 50 cases, 
reticulum cell sarcoma 16 cases, follicular lymphoblastoma 10 cases 

Since 1925, McNee^^ has published two cases under the title of “Sarcoma 
of the Spleen,” Joan Ross^“ published one case (Case I), m 1933, under the 
title of “Reticulosis with Splenomegaly,” and Ferrata^ described one case, 
in 1933, all these seem to fall m the category of follicular lymphoblastoma 
from the macroscopic and microscopic desciiptions McNee’s second case 
seems to show a lymphosarcomatous change and was resistant to roentgeno- 
therapy, while Joan Ross’s case suggests the appearance of a chronic lymphatic 
leukemia 

There have been, most probably, similar cases in the hteiature before 1925 
when the first report was made by Brill, Baehr and Mandelbaum but thus 
far ^^e have been unable to discover them The report by Foix and 
Roemmele,^® which McNee^® states is similar to his and Joan Ross’s^^ case, 
seems on close examination not to be a follicular lymphoblastoma There is a 
proliferation of cells in the center of the malpighian bodies, but these cells 
seem to be, according to Foix and Roemmele’s own description and illustra- 
tions, of a much more primitive type than those found m follicular lympho- 
blastoma They appear to be large, undifferentiated blasts with large, pale, 
oval nuclei containing one or more nucleoli There is also a metastasis in this 
case to the tissues around one adrenal 

Symptomatology of Folhculai Lymphoblastoma — ^The salient clinical fea- 
tures of this disease as determined by the cases reported m the literature are 
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( 1 ) Lymphadenopathy 

(2) Absence of abnormal cells in the blood, unless leukemia complicates 
the picture 

(3) Slight secondary anemia or no anemia and no cachexia until the 
latter stages of the disease 

(4) Splenomegaly, the spleen increasing m weight to 2 Kg 

(5) Absence of involvement of tonsils and the lymphatic apparatus of the 
gastro-intestinal tract 

(6) Tendency to lymphatic infiltration of the lacrimal gland, causing 
unilateral exophthalmos 

(7) Dyspnea and cough — due to pressure m mediastinal involvement 

(8) Tendency to development of serous effusions in the pleural and 
peritoneal cavities (due to pressure of mediastinal or abdominal 
lymph nodes upon venous 01 lymph channels^) 

These tumois zveie found to he vety sensitive to niadiation until the 
terminal stage of the disease In several instances radium packs induced a 
1 emission when roentgenotherapy had failed 

Duiahon of the Disease — ^This is very difficult to determine as so few 
cases have been reported and many who are afflicted are still alive The 
aA'^erage duration in six patients Avho died of this affliction in Mt Sinai Hos- 
pital, New York City, was five years However, one patient is still living 
after 14 years, and one died after li years Death has usually been due to 
lymphosarcomatous degeneration and generalized spread 

Cases have been reported where only a splenomegaly was noted (Decket 
and Little®) without furthei lymphadenopathy The main macroscopic and 
microscopic findings aie described above m our report 

Follicular lymphoblastomata may be mistaken for simple follicular h)fper- 
plasia The tremendous size of the follicles, the formation of new follicles, the 
occasional invasion of the capsule, and the enormous spleen differentiate the 
former Joan Ross^^ suggests that the diffeience between the two is merely 
a matter of the degree of hyperplasia 

In this view, Symmers^® concurs with Ross He leports seven cases 
which he calls “giant follicular lymphadenopathy with or without spleno- 
megaly” and distinguishes them from “folhculai lymphoblastoma ” These 
cases he claims have remained stationary for years or have receded after 
rupture of the nodes involved Their prognosis is good They are supposed 
to show merely numerical and dimensional hyperplasia of the follicles of the 
involved nodes or spleen, but the normal structure of the node is maintained 
The cases which are supposed to have receded have all, thus far, lived less 
than five years, so that recurrences may yet occur There are, furthermore, in 
Symmers’ paper no oil immersion photomicrographs illustrating the giant 
follicular lymphadenopathy” for comparison with the oil immersion illustra- 
tions of the “sarcomatous changes in giant follicular lymphadenopathies 
Therefore, we believe the evidence presented is insufficient to prove the pres- 
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ence of a hemgn giant follicular lyniphadenopathy as yet, although such an 
entity may veiy well exist One of Symniers’ hemgn cases, reported in 1927, 
died some years latei of Hodgkin’s disease Many otheis repoited,^^!! give 
histones of long-standing chronic infection One case is especially interesting 
because the purely intra-abdommal lymph node enlargement occuried m a 
case of amebic dysenteiy This patient is still alive 

111 the later stages of the disease, the typical pictui e of lymphosarcomatosis 
with its extreme invasiveness, and other malignant charactei istics, is often 
seen In one instance, an autopsy levealed only leukemic infiltration in the 
vaiious organs Another, according to Klempeier,^- developed a blood 
picture charactei istic of chronic lymphatic leukemia The necropsy of this 
case revealed a spleen typical of this affliction All lymph nodes were enlarged 
discretely, except in the panel eatic legion where infiltration of the capsule and 
the surioundmg aieolai tissue was seen A third case, that of Joan Ross,^’’ 
also suggested the piesence of leukemia Finally the bone mariow findings 
111 our case pioved conclusively the presence of chronic lymphatic leukemia, 
as did the periphei al blood findings taken at the same time as the bone man ow 
biopsy 

A distinct contribution to the undei standing of the follicular lympho- 
blastoma disease entit}'- in Symmeis’^®^^ aiticle is the repoitmg, for the first 
time m the liteiature, of typical cases with mutation to Hodgkin’s disease Of 
the seven cases of this presented, especially the second (Pait III, Case 2) is 
impiessive, one node showing the typical pictuie of follicular lymphoblastoma 
in one part and typical Hodgkin’s changes 111 another Also lepoited by 
Symmers is a case of folhculai lymphoblastoma with leukemic blood changes 
111 which, after death, there were no lymplwsai comatons changes found — only 
leukemic infiltrations m liver, spleen, stomach, adienals and all superficial 
and deep nodes 

The detei mination of the exact position of folhculai lymphoblastoma 
among the many entities of the lymphoblastoma group is difficult The first 
stage appears to be a proliferation m geim centers of lymph nodules, of the 
cells with lai ge hypochromatic nuclei, termed reticulum cells by most observei s, 
with some differentiation toward lymphocytic cells Changes to pure leukemia, 
pure Hodgkin’s, lymphosarcoma or a mixtui e of lymphosarcoma and leukemia 
have then followed Follicular lymphoblastoma may, therefoie, be the stall- 
ing point for all thiee of the above mentioned diseases The diiection of the 
changes would then be dictated by the various unknown causes of the 
1 eticulosis 

To complicate the pictuie, some evidence of the relationship between lymph- 
adenosis and lymphosarcomatosis has been furnished by the experiments of 
Furtlffi and his co-woikeis They have produced, in mice, both these diseases 
by the injection of one type of pathologic lymphocyte Intiavenous injections 
of these cells caused leukemia, while subcutaneous injections of the same cells 
caused lymphosai comatosis Theie weie also strains of mice in which both 
lymphosarcomatosis and leukemia resulted from one injection subcutaneously 
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of pathologic cells Although the conclusions from these experiments cannot, 
without fuither pi oof, be directly applied to human beings at present, they 
point to the closeness of the two processes The experiments of Furth wei e 
well conti oiled and the number of spontaneous leukemias arising relatively 
small Also, theie have been cases reported with leukemic blood pictures 
which histologically showed changes of Hodgkin’s type 

Whethei the leukemias, follicular lymphoblastomata and lymphosai comata 
aie to be legaided as stiictly malignant giowths is still disputed Klemperei 
states “Experience seems to point to a close affinity between the simple 
hypei plastic and neoplastic pi oliferations of the lymphatic system It is neces- 
saiy to state, howevei, that the generalization of the cellular proliferation 
militates against the rigid identification of either lymphadenosis or lympho- 
sarcoinatosis with malignant neoplasms ” Howevei, certainly lymphosarconia- 
tosis shous all the basic criteria of true malignancies The differences in its 
method of spiead and its multiple growth foci may be peculiarities of tumors 
of a hemopoietic system Even in lymphadenosis, there are inetastases, often 
capsular infiltiation and the piesence of all types of nuclei, so that this disease 
can, likewise, be considered as truly malignant At any late it is again to be 
stiessed that the bolder line between the simple hyperplasias and malignancy 
IS by no means sharp 


SUMMARY 

A report of a case of follicular lymphoblastoma is given, with a pathologic 
desciiption of the spleen and of a lymph node lemoved at operation A discus- 
sion of the liteiatuie is undertaken, and of the peculiar position of this disease 
111 1 elation to the leukemias and the lymphoblastoma group 
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THE TREATMENT OF COMPOUND FRACTURES OF THE 

LONG BONES+ 

James H Heyl, MD 
New Yohk, N Y 

FROM THE SURGICAL SER\ ICE, BEEkM^.\ ST HOSPITAL NEM TORK N T 

There are few conditions in the field of surgery which place a greater 
premium on suigical judgment and experience than the treatment of com- 
pound fiactuies and their complications Each case must be a law unto itself 
Neveitheless, it seems worth while to offer an outline for treatment, which is 
based upon expeiiences at the Beekman Street Hospital The emphasis 
foi pioper management is illustrated rather by the mistakes and failures than 
upon the good lesults, m the belief that it is moie profitable to critically ex- 
amine our shoitcomings than oui successes The material upon which this 
study IS based covered all the cases of compound fiactures of the extremities 
which were at the Beekman Street Hospital fiom 1925 to 1936, inclusive, 
whose origina’ tieatment was received theie Theie were 128 patients, two 
of whom had compound fiactuies of an uppei and lower extremity simul- 
taneously, 34 patients w'lth compound fractuies of the uppei and 94 of the 
lower extiemity The only cases eliminated w^ere those whose initial treat- 
ment was received elsewheie, 01 those in wdiich the compound fractures were 
confined to the bones distal to the ankle 01 iviist joints 

A review of the causation of these injuiies is a ghastly comment on our 
careless disregard foi life and limb Most of the injuries are pieventable, 
but can be reduced only by education of the public, industi lal management, and 
the management and supervision of buildings Aside from the tragedies to 
the individual and his dependents, an enlightened self-interest on the part of 
the commonwealth, mdustiy, and real estate will pay dividends in dollars and 
cents 

The treatment of compound fractuies properly begins at the site of in- 
jury and with the ti ansportation to the hospital This phase of tieatment, as 
practiced at the Beekman Street Hospital, has been adequately coveied le- 
cently by Kennedy^ “ and Findlay^ 

The patient ai rives at the emergency room m traction, which is main- 
tained If shock IS piesent, 01, if not 111 shock, if the injury is of sufficient 
seventy as to suggest that shock will supervene, intravenous saline is admin- 
istered at once in the emeigency 100m, blood is taken for typing, 3 >ooo units 
of tetanus antitoxin are injected inti amuscularly, and external heat is applied 
If bleeding is severe, it is controlled by a tourniquet, which is loosed every 
20 minutes and immediately reapplied if bleeding lecurs Roentgenograms 

* Read before the New York Surgical Society, March 8, 1939 Submitted for pub- 
lication February 8, 1939 
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are taken later on the way to the waid, wheie the shock tieatment is con- 
tinued, if necessaiy 

The first consideiation is given to the patient’s general condition i ns 
should include, in addition to the presence of the signs and symptoms of shock, 
a caieful survey of the local and complicating inj tines, age and general con- 
dition In tiaffic injuiies, fractures of the skull and intracranial injuries, rib 
or pelvic fractuies, and visceral injuries are common, in addition to the com- 
pound fractures of the extremities In falls from a height, fractures of the 
spine, with or without coid lesions, should be looked for If serious injuries 
aie overlooked, operation foi the local condition may be undertaken when a 
fatal outcome is inevitable, or, woise, the failure to evaluate the more seiious 
condition which is amenable to treatment may lesult in death from that com- 
plication, or the debiidement may add sufficient shock to tip the scales the 
wrong way 

In severe injuries of this type, a consideiable immediate mortality is un- 
avoidable Possibly an occasional case could be saved, if a blood bank were 
available for an immediate transfusion, but it is doubtful whether much im- 
provement would occur Immediate infusion has been the greatest advance 
m lowering the mortality m these despeiate cases during the past three 
decades 

Thirteen patients died within the fiist 36 houis after admission, whose 
condition and the natuie of whose injuiies were such as to render a fatal out- 
come inevitable and upon whom no opeiative procedures weie attempted It 
is noteworthy that all received infusions, although one died within 15 minutes 
after admission Five of these patients died within one hour of admission 
and only one lived ovei 24 houis, death occuriing 36 houis after admission 
These cases are hopeless fiom the start, and are a suigical problem only m- 
sofai as the recognition that any operation is contraindicated 

For the sake of the recoid it should be stated that one of these cases (No 
10) had a ruptured ileum, which was unrecognized until autopsy As he was 
80 jrears of age and suffei mg, m addition to a compound fractui e of the right 
tibia and fibula, fractures of the left tibia and fibula, right ilium, the fifth, sixth 
and seventh ribs, concussion of the brain, and acute alcoholism, it is unlikely 
that that oversight would have alteied the outcome 

We have touched on the question of debridement in the presence of serious 
complications There is no question as to the advisability of debridement 
per se in compound fractures Theie is, however, a difficult problem as to 
when and how a debridement should be performed 

The question of time is the most difficult for the suigeon Obviously, as 
fai as avoiding infection is concerned, the sooner the better In the presence 
of shock debridement should be withheld, and, if delay is protracted, it be- 
comes a useless and harmful procedure The question must be answered 
as to how long aftei injury debiidement has any value 

Consideration of when debridement is performed, is dependent upon the 
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Table I 


Case 

No 

I 


2 


3 


4 


5 


6 


7 


RESUME or EAT^HTIES OCCURRING WITHIN 36 HOURS AFTER ADMISSION 


Hosp 

No Sex Age 
13771 M 2 yrs 


8066 M Adult 


9466 M 70 yrs 


8715 F 80 yrs 


10046 M 44 vrs 


9562 M 50 yrs 


12419 M 25 3’’rs 


Without Operatio?i 


History, Diagnosis, Course and Cause of Death 
Adm 5/1^730 Fell four stones Treatment of shock, thera 
peutic spinal taps (3) , fluid grossly bloody 
Died 12 hours after admission 

Diagfiosts Compound fracture left elbow , laceration of brain , 
fracture of skull 

Cause of Death Cerebral injuries, shock 
Adm 10/23/27 Fell from window Treatment of shock 
Died one hour after admission 

Diagnosis Compound fracture of skull, compound fracture 
left humerus (lower third) , fracture of nght femur (lower 
third), laceration of brain, shock 
Cause of Death Cerebral injuries, shock 
Adm 6/14/28 Automobile injury Treatment of shock 
Died one hour after admission 

Diagnosis Compound fracture left humerus , compound frac- 
ture left radius and ulna, fracture of skull , fracture of nght 
femur, avulsion of soft parts of right leg and foot 
Cause of Death Shock 

Adm 2fjf2S Bus ran over right leg Treatment infusion 
and transfusion (450 cc ) 

Died suddenly 18 hours after admission 
Diagnosis Compound fracture right tibia and fibula, middle 
third, laceration of scalp 
Cause of Death Embolus, shock 

Adm 9/25/28 Crushed under bags of flour Treatment of 
shock Systolic blood pressure 70 at time of admission, 1 10 
in one hour and then fell rapidly Pulse at time of admis- 
sion 120, then rose to 140 Respiration 36 Increasing cya- 
nosis and dyspnea 
Died two hours after admission 

Diagnosis Compound fracture of tibia and fibula, lower 
third, right and left, fracture fourth and fifth ribs, left, 
laceration of lung 

Cause of Death Laceration of Jung, shock 

Adm 6/28/28 Struck by elevated tram Treatment of shock 

Died 14 hours after admission 

Diagnosis Compound fracture of tibia, internal condyle, 
nght, crushing injury to chest, fracture second and sixth 
ribs, left 

Cause of Death Chest injury, shock 

Adm 10/11/29 Struck bv train Treatment of shock 

Died 20 minutes after admission 

Diagnosis Compound fracture of lower third of left femur, 
traumatic amputation of left forearm, upper third, avul- 
sion of soft parts of left foot, shock 
Cause of Death Hemorrhage, shock 
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Case Hosp 

No No Sex Age 

8 12241 M Adult 


9 24414 M 55 yrs 


10 24807 M 80 3^rs 


II 27296 F 50 yrs 


12 15036 M Adult 


13 14470 F 68 yrs 


History, Diagnosis, Course and Cause of Death 
Adm 9 /13/29 Fell six stories to wire netting Treatment of 
shock 

Died nine hours after admission 

Diagnosis Compound fracture of right tibia and fibula, lower 
third, compound fracture of left fibula, lower third, intra- 
abdominal in3unes 

Cause of Death Internal injuries, hemorrhage 
Adm 9/1 /34 Automobile ran over both legs Treatment of 
shock 

Died 19 hours after admission 

Diagnosis Compound fracture of left tibia and fibula, mid- 
dle third (nearly amputated), compound fracture right 
tibia and fibula, upper third, avulsion of soft parts of right 
leg, shock 

Cause of Death Shock 

Adm Struck by automobile Treatment of shock, 

traction- Kirschner wires 
Died 24 hours after admission 

Diagnosis Compound fracture right tibia and fibula, middle 
third, compound fracture left tibia and fibula, upper third 
concussion of the brain , fracture of the right ihum , fracture 
of the fifth and seventh ribs, left , rupture of the ileum , peri- 
tonitis, alcoholism (Ruptured ileum was an autopsy find- 
ing, not previously suspected ) 

Cause of Death Peritonitis, shock 

Adm 12/23/35 Fell five stories Treatment of shock, trac- 
tion-Kirschner wire left os calcis, Russell traction to right 
femur 

Died 36 hours after admission 

Diagnosis Compound fracture of left tibia and fibula, lower 
third, fracture right ilium, fracture right humerus, upper 
third, fracture right femur, upper third, fracture sternum, 
fracture of ribs, right and left, hemothorax (bilateral), 
acute alcoholism, shock 
Cause of Death Shock, chest injury 

Adm 11/22/30 Struck by elevated tram Treatment of 
shock 

Died 15 minutes after admission 

Diagnosis Compound fracture of right femur, lower third, 
compound fracture left tibia and fibula, lower third, com- 
pound fracture of skull, laceration of brain, fracture of sec- 
ond, third, fourth and fifth metacarpals, left 
Cause of Death Cerebral mjunes, shock 
Adm 8/30/30 Pell from third story Treatment of shock, 
skin traction to leg, 20 pounds 
Died 45 minutes after admission 

Diagnosis Compound fracture of right femur, middle third, 
fracture of skull, laceration of brain, fracture of mandible, 
laceration of tongue 

Cause of Death Cerebral mjunes, shock 
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patient’s ability to withstand the added trauma and shock The question of 
complicating, moie impel ative injuries has been mentioned If the other 
injury m itself is fatal, a debridement is evidence of poor judgment It is 
equally true, that if the complication is amenable to tieatment, and of a 
moie uigent nature than the compound fracture, the complication should 
receive first attention The former is the more frequently encountered How- 
evei, occasionally a ruptured viscus, hemopericardium, extradural hemor- 
ihage, a ruptuied lung, oi bleeding into the pletiia may be amenable to tieat- 
ment without the added shock of debridement The piesence of shock most 
fiequently enforces delay in surgical treatment It must be borne in mind 
that delayed shock is a common occurrence when patients are brought to the 
hospital piomptly aftei injuiy It has been our lule not to opeiate upon a 
patient whose systolic blood pressuie is undei 8o Mm Obviously, a blood 
piessuie of 8o m an eldeily adult is much more significant than in a child or 
j'^oung adult If, on arrival, a patient is not apparently shocked, but the in- 
juries aie sufficiently severe as to indicate that shock may supervene, treat- 
ment foi shock IS continued and the patient is kept under close observation, 
with pulse and blood pressuie leadings at 30-minute intervals, and operation 
held in abeyance In order to lessen fatalities and impiove results, it would 
seem fan to considei a fatality within 24 hours, or less, of a debridement as 
an eiror of judgment on the pait of the opeiatoi 

There weie nine deaths within 24 hours after debridement In one case 
(No 4) chest and cerebial injuiies were oveilooked, which if recognized 
would have contraindicated opei ative procedure One case (No 8) was 
complicated by delirium tremens and was debrided and closed 23 hours after 
admission, and died 12 houis later Theie is nothing to be said in extenua- 
tion of the lattei Acute alcoholism was a factoi m three cases This factor 
must be taken into considei ation, and in its piesence suigical procedures 
should be limited to the minimum Of the medical complications. Case No 2, 
with a pieoperative blood pressuie of 184/134 in the face of a shocking in- 
jury, might have been a warning against opei ative interference It is only 
fair to state that it is questionable whethei any of these fatalities would have 
been avoided had they been handled differently 

We have left patients in emeigency traction and even continued the 
tourniquet for over 12 houis without 1 egrets Such a procedure is not justi- 
fiable for the convenience of the operator If used, close attention must be 
given to the circulation m the extiemity, especially since it may already be 
compromised by the injuiy 

Debridement having been delayed by the patient’s condition, the question 
aiises how long the proceduie has any value After six hours, even in the 
presence of gross contamination, a debridement would tend to mobilize rather 
than prevent the spread of infection Removal of foreign bodies, thoiough 
drainage, and gentle irrigation is a more rational tieatment at that time 

Technic of Debridement — If it does not interfere with the exposure of 
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resume or TATALITinS OCCURRING WITHIN 24 HOURS AFTER ADMISSION 

After Debridement 
osp 

No No Sex Age History, Diagnosis, Course and Cause ot Deatn 

1 21761 M 51 yrs Adm 7/10/33 Automobile ran over right forearm Intoxi^ 

Gated for the past three weeks, exposure Treatment of 
shock, operation — debridement and closure, duration of 
operation one hour, ether anesthesia used, preoperative 
blood pressure 90 
Died 15 hours after operation 

Diagnosis Compound fracture of nght ulna, upper third, 
crushing of soft parts of right forearm, avulsion of the skin 
of the right arm and forearm, shock, fatty liver, congestion 
of the lungs (autopsy) 

Cause of Death Shock and preoperative general condition 

2 21815 M 52 yrs Adm TtiSlzz Pell 20 feet down elevator shaft Treatment 

of shock, preoperative blood pressure 184/ 134, operation — 
debridement and closure, duration of operation one hour 
and ten minutes, ulnar nerve sutured Blood pressure un- 
obtainable postoperatively Acute dilatation of the ab- 
domen 

Died five hours after operation 

Diagnosis Compound fracture internal condyle of nght 
humerus, division of ulnar nerve, right, fracture of third, 
fourth and fifth metacarpals, left, fracture of fibula, left 
malleolus, fracture and dislocation of left calcaneus 
Cause of Death Shock and cardiac decompensation 

3 6339 M 45 yrs Adm il2ol2"j History unknown Treatment of shock , op- 

eration — debndement, not sutured , Steinman pm , traction 
Died five and one-half hours after admission 
Diagnosis Compound fracture of nght tibia and fibula, 
lower third, fracture of skull, laceration of the brain, acute 
alcoholism 

Cause of Death Shock and cerebral injuries 

4 12943 M 34 yrs Adm 1/7/30 Struck by automobile Treatment of shock, 

operation — debndement, gas-oxygen anesthesia used , Stem- 
man pm, traction 

Died eight and one-half hours after operation 
Diagnosis Compound fracture left tibia and fibula, upper 
third, fracture of skull, fracture of sternum, fractured nbs 
Cause of Death Cerebral and chest injuries Operation was 
ill-advised Injunes other than leg unrecognized 

5 16179 M 56 yrs Adm 5/13/31 Fell 12 feet into elevator shaft Treatment of 

shock, operation— debndement without closure, Steinman 
pm, duration of operation 45 minutes Patient was restless 
and noisy following operation Morphine, grains i /6, was 
given at 9 35 p M , and hyoscin, grains 1/150, at 9 50 p m 
D eath occurred 35 minutes later 
Died 5 hours after operation 

Diagnosis Compound fracture of left tibia and fibula lower 
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Case Hosp 

No No Sex Age History, Diagnosis, Course and Cause of Death 

third, shock, cardiac hypertrophy, sclerosis of the coronary 
artery , general arteriosclerosis, chronic nephntis (autopsy) 
Ca 7 i$e of Death Shock and cardiovascular condition Hyo* 
scm may have contributed 

6 22459 M 38 yrs Adm 10/27/33 Coal truck passed over left lowci extremity 

Treatment of shock, operation — debridement without 
closure, four hours after admission, adhesive traction, 20 
pounds, transfusion (500 cc ) and gas gangrene antitoxin, 
in addition to continuous infusion Distention of the abdo- 
men Died 10 minutes after a gastric lavage (not due to 
asphyxiation) 

Died 20 minutes after operation 

Diagnosis Compound fracture of left tibia and fibula, upper 
third, fracture of left tibia, medial condyle, crushing of 
muscles of thigh and leg, left, fracture of left femur, medial 
condyle, anaerobic infection 
Cause of Death Shock 

7 1S545 M 60 yrs Adm 4/10/37 Run over by truck Treatment of shock, op- 

eration — disarticulation of the left leg at the knee, debride- 
ment of right leg, packed open, Steinman pm (Seven 
hours after admission, due to patient’s refusal of consent ) 
Died two and one-half hours after operation 
Diagnosis Compound fracture of left tibia and fibula, lower 
third, avulsion and crushing of skin and muscles, left leg, 
compound fracture of right tibia and fibula, lower third, 
compound fracture of right calcaneus, compound fracture 
right talus, shock At autopsy, edema of lungs, sclerosis of 
coronary artery, chronic nephntis and chronic pulmonaiy 
tuberculosis were found 
Cause of Death Shock 

8 12466 M 40 yrs Adm 10/18/29 Truck ran over right leg Acute alcoholism 

Delirium tremens Treatment of shock, sedation, fixed trac- 
^ tion maintained, operation — debndement and closure, 
Tong traction (Operation 23 hours after admission ) 
Systolic blood pressure no 
Died 12 hours after operation 

Diagnosis Compound fracture right femur, middle third, 
crushing injurv right thigh, acute alcoholism, sepsis of 
right leg (autopsy) 

Cause of Death vShock and sepsis Operation ill-advised 

9 3402 M 21 yrs Adm ^liy/2^ Run over by a street car Treatment of 

shock, operation — amputation of thigh completed, vessels 
tied, T-binder applied and packed for evisceration Dura- 
tion of operation 25 minutes 
Died seven hours after operation 

Diagnosis Traumatic amputation of left thigh, upper third 
(nearly complete), tear of rectum, partial evisceration 
through rectal tear 
Cause of Death Shock 
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the operative field, the oiiginal ti action is maintained by the Thomas type 
splint Otherwise the splint is lemoved in the operating room and con- 
tinuous ti action maintained by an assistant The opeiative field is shaved 
and 3 5 per cent iodine applied as for any operative procedure, including the 
cut edges of the skin Whethei or not iodine is applied in the wound is not 
impoi tant, but does no bai m Ii rigation with lai ge quantities of normal saline 
under model ate piessuie (foui to six feet) is perfoimed, the flow being from 
within the wound During the irrigation the wound is gently scrubbed with 
green soap toward the edges, lemoving such gross contamination as is not 
fixed in the soft parts This is followed by 11 rigation with ether The skin 
and extremity aie dried and lepainted with iodine If the operating table is 
wet and drapes have become wet, they can no longer be considered steiile 
The wound is draped and the skin surface covered Grossly contaminated or 
nonviable tissues, and small loose fragments of bone are excised by sharp 
dissection Bleeding points aie ligated Only essential structures, such as 
tendons and nerves, are sutured, and the wound is packed open with vaselined 
gauze If infection seems probable, Dakin tubes are introduced at that time 
If there is marked avulsion of skin it may be partially sutured with loose, 
interrupted sutures The use of local infiltrating anesthesia is contraindicated 
in such wounds, because of the danger of spreading infection 

The careful la3''er suture of tissues and closure of such wounds is counseled 
against When successful, it lessens scarring and prevents later contamina- 
tion from the outside On the othei hand, the infection rate is high, 48 per 
cent in the lower extremity and 41 per cent in the upper extremity in this 
seiies When infection supeivenes 111 such a wound, serum and old blood 
aie walled-off, pressure is increased, necrosis of undamaged tissues occuis, 
diainage is inadequate, and spread of the infection is facilitated The danger 
of sepsis and even the functional result is definitely poorer when infection 
occuis aftei layei closure Most of us have been converted to leaving wounds 
about drains open in such cases as peiitoneal abscesses The improvement 
in the healing of such wounds, and the lowered incidence of postopei ative 
hernia are indisputable It is more important in compound fractures be- 
cause of sepsis and to lessen the occuirence of osteomyelitis The introduc- 
tion of any sutures, even the lepair of tendons and nerves, should be the 
exception and not the rule 

The dangeis of contamination of fieely diained wounds fiom the outside 
aie minimal We have all seen joints, tendon sheaths and the medullary 
cavities of long bones opened thiough infected fields, either inadvertently 01 
thiough mistakes in diagnosis, and I can lecall few instances of serious in- 
fection resulting ^^hen such incisions aie left open One is forced to wonder 
uhethei the so-called low resistance of such tissues to infection is not a 

mechanical 01 anatomic defect, lathei than any intiinsic susceptibility of the 
tissues themselves 

The tieatinent of the fiactuies will only be touched upon biiefly and m 
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a general way If the fiactuie is of such a natuie that it can be maintained 
by plaster encasement, with immobilization of the joints above and below the 
fiacture, that tieatment is prefeiable to pi event infection, and if infection 
occurs, to pi event its spread, as advocated by Orr,"* and Pfeiffer and Smyth ® 
Unfortunately, most of the fractures of the long bones lequire traction to 
pi event ovei riding In addition, the extent and natuie of the wounds may be 
such as to lequiie easy access foi inspection and treatment In such cases 
and m cases potentially infected with anaerobic organisms, the use of Russell 
and Blum ti action foi the upper extremities and pm traction foi the lower 
extiemities best answeis the lequirements 

Manipulation of compound fiactures is fi aught with great danger of 
spieading infection It is impoitant, therefore, to obtain at the original de- 
bridement good reduction, and to maintain the reduction When infection is 
present, no fuither attempt should be made at manual i eduction, even though 
malunion oi even nonunion appeals likely Good i eduction, which may lesult 
in the loss of the limb or even life, may reward such efforts We have not 
employed foieign material such as Lane plates m potentially infected A\ounds, 
and bone giafts aie obviously contraindicated 

Amputation — We aie piobably on the conseivative side, and will piob- 
ably continue so, in not advocating eaily amputation It is felt that almost any 
limb, particulaily a lower extremity, is preferable to an artificial limb As a 
result, except wheie the cii dilation is hopelessly impaiied, amputation is not 
pel formed early as a lule, and on occasion it is regietted Theie are cases 
of dirty, crushing injuries with seveie damage to soft tissues in which imme- 
diate amputation is a life-saving procedure, or will prevent piolonged sepsis 
and disability with a functionless extremity The surgeon should be alert in 
lecognizing such cases and acting piomptly 

There weie only five cases m which amputation was peifoimed as the im- 
mediate operative treatment By immediate, it should be understood that they 
were peifoimed as soon aftei admission as the operator felt that their condi- 
tion was sufficiently good to withstand the added shock, and all were per- 
foimed within 24 hours of admission The two upper extremities (No i 
and No 2) were amputated at the site of the highest fiactuie and left open, 
requiiing later revision of the stump Two of the lower extremities (No 3 
and No s) were disarticulated thiough the knee joint, as it was consideied 
that they would not suivive an amputation of election The other lower ex- 
tiemity amputation, a compound fracture of the lower thud of the leg, was 
amputated at the site of injuiy This resulted 111 the longest hospitalization, 
four months, and a stoimy course, but preserved the knee joint Amputation 
was performed in foui of these cases because of extensive soft pait injuries 
The other was peifoimed because of compiomise of the circulation There 
was only one death in this series. No 5 ; which occurred two and one-half 
houis postoperatively 
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RESUMli or CASES HAVING IMMEDIATE AMPUTATION 


Case Hosp 

No No Sev Age History, Diagnosis, and Course 

1 16455 M 39yrs Adm 6/24/31 Right forearm crushed between car and truck 

Treatment of shock, amputation performed on 6/24/31 of 
lower third of right arm Wound left open Mixed infec- 
tion followed Patient discharged 7/2 1 /3 1 
Diagnosis Compound fracture of nght radius and ulna, 
upper third, crushing injury of right forearm, fracture of 
right humerus, lower third, shock 
On 5/18/32 the stump was well healed and patient was wear- 
ing an artificial arm 

2 4034 M Adult Adm lo/r/35 Right arm crushed in printing press Treat- 

ment of shock for 24 hours, 10/2/35, operation — amputa- 
tion of nght arm, lower third, and wound left open 
ro/20/35, revision of amputation stump with closure 
Wound healed without infection Patient discharged 

10/31/35 

Diagnosis Compound fracture of nght humerus, supracon- 
dylar, compound fracture of right radius and ulna, middle 
third, compound fracture of carpal and metacarpal bones, 
nght, dislocation of elbow, right, lacerations, maceration, 
and avulsion of the skin of the forearm and lower fourth of 
nght arm, shock 

3 6406 M 9 yrs Adm 1/29/27 Truck ran over nght leg Treatment of 

shock, two transfusions first 24 hours i /30/27, poor circu- 
lation, gangrene, 2/1/27, operation — disarticulation at 
nght knee joint, perfnngens serum, 2/21/27, operation — 
amputation of lower third of nght thigh, 3/21/27, stump 
nearly healed Discharged 3/21/27 4/20/27, superficial 
abscess opened 10/19/27, stump well healed 
Diagnosis Compound fracture of right femur, lower third, 
crushing injunes with laceration into knee joint, later, gan- 
grene right leg (circulatory with infection) , anaerobic in- 
fection 

4 iri8o M 27 yrs Adm 4/5/29 Right leg crushed between elevator and floor 

Treatment of shock 4/5/29, operation — amputation at 
site of fracture No closure Severe infection, necrosis of 
tissues and sepsis ensued 6/2 1 /29, revision of amputation 
and closure middle and upper third of leg, infected, re- 
opened 7/17/29, skin graft 8/3/29, nearly healed Small 
granulating area Patient discharged 8/3/29 4/ 15/31, 

stump well covered and healed Walking with artificial 
limb 

Diagnosis Compound fracture of nght tibia and fibula, 
lower third, avulsion and maceration of soft parts of lower 
third of nght leg 

5 18545 (See Case No 

7, Table II) 

Late amputations, as a rule, \vere performed for spreading infections, or 
impaired circulation, or a combination of the two In lower leg injuries, 
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when sepsis and the preservation of life is the indication, and infection has 
spread above the fiacture site, amputation through the knee is usually per- 
formed This causes little shock and opens the least avenue for spread of the 
infection Amputation through the elbow is equally applicable for forearm 
mjuiies While it requires a later reamputation, it can be best borne by the 
weakened, septic patient The latei amputation can be postponed until he 
has legamed his strength, at which time the opeiation can be performed with- 
out dangei of infection and at the site of election When the infection is 
better localized below the site of the fiacture, or the circulation is impaired 
at that site, we piefei guillotine amputation at the fracture site, the stump 
left open, and a late revision at the site of election It is a temptation in such 
cases to amputate the bone above the fractuie to avoid a reamputation It 
should be lemembeied, howevei, that there is a defense reaction in the medulla 
of the bone, just as theie is in soft tissues Especially in Streptococcus in- 
fections, there is dangei of lighting up and spieadmg the infection by that 
pioceduie, nor does higher division of the bone pi event infection of the bone 
at the site of amputation 

There weie ii cases upon whom amputations weie pei formed late for the 
preseivation of life, with a single mortality As one case had an amputation 
through both thighs, 12 limbs were saciificed Seven amputations were re- 
quired foi seveie, spreading infections, two were performed for circulatoiy 
impairment, and three were foi a combination of both Of the nine lower 
extiemity amputations, five weie disai ticulated at the knee, thiee of the thigh 
and one of the leg weie left open Only one of the three amputations of the 
foreaim was closed and that became infected While neaily all of these 
cases lequiied later levisions, we attiibute the low mortality to the stage- 
operations, and the conservatism shown m leaving the wounds open Six of 
these infections, including the fatal case, weie anaeiobic infections clinically 
(Table IV) 

Table IV 

Rbsuiif: or cases having late amputation 

Case Hosp 

No No Sex Age History, Diagnosis and Course 

I 5996 M 31 yrs Adm 11/13/26 Struck by truck while riding motorcycle 

Treatment of shock, transfusion, Stemman pin, calcaneus 
traction (10 pounds), reduction of dislocation of shoulder 
11/16/26, dry gangrene of toes, circulatory 11/24/26, op- 
eration — amputation through right knee joint, infection 
above knee 12/30/26, operation — amputation middle 
third of right thigh, closure Discharged 1/19/27, with 
wounds nearly healed 

Diagnosis Compound fracture of right tibia and fibula, 
upper third, laceration right thigh, dislocation of shoulder, 
right, shock 

Amputation lower third of right thigh for impaired circula- 
tion and infection 
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Case Hosp 

No No Sex Age History, Diagnosis and Course 

2 9462 M Adult Adm 6/14/28 Fell one floor down elevator shaft Treat- 

ment of shock, 6/14/28, operation— -debridement and 
closure, drained, Steinman pm, traction (25 pounds, later 
15 pounds) 6/16/28, wound infected (anaerobic) , opened, 
transfusions (3), perfrmgens serum 6/20 and 6/21/28, 
reoperations for drainage 7/8/28, operation— amputa- 
tion, disarticulation through knee joint 8/3/28, incision 
and drainage of thigh 9/1/28, guillotine amputation of 
thigh, lower third, open 9/26/28, operation — revision of 
amputation of stump, suture, infection 10/13/28, patient 
discharged Small granulating wound 

Diagnosis Compound fracture of left tibia and fibula, lower 
third 

Amputation of lower third of thigh for anaerobic infection 

3 10580 M ipyrs Adm 1/3/29 Left thigh crushed between elevator and floor 

Treatment of shock, systolic blood pressure 85 , transfusion 
500 cc , wound packed for hemorrhage, maximum traction 
1/5/29, wound opened, anaerobic infection, perfrmgens 
serum 1/6/29, transfusion 500 cc , 1/8/29, operation — 
amputation of left thigh, middle third, open, transfusion 
500 cc 

Died 12 hours after operation 

Diagnosis Compound fracture left femur, middle third, 
crushing wound of thigh, shock 
Amputation for sepsis 

4 12408 M 53yrs Adm 10/9/29 Box, weight one ton, fell on right leg Treat- 

ment of shock, Thomas splint applied 10/10/29, Stem- 
man traction, 10/16/29, infection {Staphylococcus au- 
reus) , 12/7/29, operation — amputation upper third of right 
leg, open, 1/18/30, reamputation of stump, closure, 
^/3o/30i opened, infection, 2/3/30, patient discharged 
with draining wound 

Diagnosis Compound fracture of the nght tibia and fibula, 
lower third, fractured calcaneus, fractured talus, crushing 
of lower third of nght leg and ankle, shock 

5 29167 M 45yrs Adm n/19/36 While cranking truck, it backfired and crank 

handle struck nght wnst Treatment 11/19/36, operation 
debndement and closure, closed reduction and plaster 
splints Local infiltration anesthesia used 11/20/36, 
closed reduction (ether) 11/24/36, infection (nonhemo- 
lytic Streptococcus) Temperature 103° to 105“ F the first 
week of septicemia Reduction by lysis to normal m seven 
weeks Thrombophlebitis of right femoral vessels Trans- 
fusions Incisions and drainage of wrist and forearm 
12/3X/36, amputation at fracture site for osteomyelitis of 
radius, carpal and metacarpal bones and suppurative ar- 
thntis of joints of wnst Radius and ulna amputated three 
inches above fracture No closure Recrudescence of fever 
less severe for seven weeks more and infection of bone ends 
3/20/37, patient discharged 
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Case Hosp 

No No Sex Age History, Diagnosis and Course 

Diagnosis Compound fracture of right radius, Colies , lacera- 
tion of ulnar volar region of right wrist 

Amputation of right forearm, middle third, for sepsis 

6 20448 M 40 yrs Adm 12/30/32 Left arm caught in machine Treatment 

Operation — debridement and closure, Kirschner wire 
through olecranon, traction Thrombosis radial artery 
Dry gangrene of fingers i/ro/33, amputation upper third 
of left forearm, open (circulatory impairment), 2/4/33, 
reamputation upper third of left arm, closure (high ampu- 
tation for paralysis of shoulder-brachial plexus tear), 
2/9/33, discharged with amputation wound clean 

Diagnosis Compound fracture left humerus, middle third 
(protrusion of lower fragment), laceration of brachial 
plexus, thrombosis or tear of radial arter> 

Amputation for impaired circulation 

7 3037 M Adult Adm 1/12/25 Caught hand in vacuum machine Treat- 

ment Operation — ddbndement and drainage, 1/12/25, 
1/22/25, infection Incision and drainage Gangrene two 
inches above wrist, 1/23/25, amputation middle third of 
forearm, sutured and drained Discharged 3/3/25 Still 
slight drainage 

Diagnosis Compound fracture and dislocation of right 
carpus f compound Iracture of nght radius and ulnar 
styloids, division of extensor pollicis longus, maceration of 
wrist 

Amputation middle third of right forearm for infection and 
circulatory impairment 

8 23136 M 44 yrs Adm 2/23/34 Truck ran over right leg Treatment 

2/23/34, operation — ddbndement and closure, dakinized, 
plaster, 2/24/34, Kirschner wire traction (lo pounds), 
temperature 103° P , infection 2/25/34, anaerobic infec- 
tion, perfrmgens serum 2/27/34, disarticulation of right 
knee 3/12/34, temperature normal 3/23/34» amputa- 
tion of lower third of right thigh, closed 4/4/34, sutures 
removed, wound clean 4/1 1/34, drainage 5/5/34» patient 
discharged Wounds healed 

Diagnosis Compound fracture of right tibia and fibula, 
middle third, crushing of soft parts, avulsion of skin 

Amputation of lower third of right thigh for anaerobic infec- 
tion 

9 13468 M 24 yrs Adm 3/27/30 Fell 30 feet Treatment for shock, opera- 

tion — ddbndement, open, dakinized (Amputation ad- 
vised and refused) 4/2/30, anaerobic infection Opera- 
tion — amputation of thigh, lower third, open 4/22/30, 
revision of amputation, closed 5/13/30, patient dis- 
charged Seen 9/17/30, and found to have a draining, 
sinus 2/28/31, has been wearing an artificial leg since 
December 1 1/7/33, ^eg has remained healed ii/ 7 / 33 » 
patient discharged 

Diagnosis Compound fracture of right tibia and fibula 
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Case Hosp 

No No Sex Age History, Diagnosis and Course 

upper third , laceration of right knee joint , fracture internal 
condyle of right tibia 

Amputation of lower third of right thigh for anaerobic infec- 
tion 

10 16395 M 43 yrs Adm 6/15/31 Iron girder fell across both legs Treatment 

of shock, right tibial wound packed for hemorrhage, ad- 
hesive traction to both legs Right leg cold and pulseless 
6/16/31, transfusion and shock treatment 6/17/31, legs 
livid 6/20/31, operation — disarticulation of right leg at 
knee (circulatory gangrene) 6/22/31, amputation of left 
thigh, lower third (anaerobic infection and circulatory im- 
pairment), open Transfusions and perfnngens serum 
7/6/31, incision and drainage of abscess in sacral region 
7/ 1 4/3 1, incision and drainage of abscess of left thigh 
7/17/31, transfusion 7/21/31, incision and drainage of 
right elbow 9/16/31, reamputation of nght thigh, lower 
third, open 10/21 /31, secondary suture of nght stump, 
skin grafts 2 / 1 /32 , patient discharged 
Diagnosis Compound fracture right tibia and fibula, upper 
third, compound fracture tibia condyles, right, compound 
fracture left tibia and fibula, upper third, compound frac- 
ture of left patella, fracture left femur, lateral condyle, 
shock 

Amputation of lower third of right thigh for circulatory gan- 
grene, amputation lower third of left tibia for anaerobic 
infection and circulatory impairment 

1 1 22646 M 45 yrs Adm 11/28/34 Truck ran over left leg Treatment of shock , 

debridement, open, Kirschner wire traction 11/29/34, 
pain and rising temperature 11/30/34, infection (anae- 
robic), perfnngens serum, operation — disarticulation at 
left knee 12/11/34, mcision and drainage 2/26/35, 
putation of lower third of left thigh, open 3/29/35, pa- 
tient discharged with small granulating wound 1/2/36, 
stump veil healed and padded Weanng artificial leg four 
months 

Diagnosis Compound fracture left tibia and fibula, middle 
third, crushing injunes and avulsion of skin of left leg, 
fracture left fibula (lateral malleolus) , shock 
Amputation left thigh, lower third, for anaerobic infection 

Theie wexe five late deaths in this senes (Table V) One (No i) was 
not subjected to operation and, while both fractures showed a mild infection, 
the patient evidently died of hypostatic pneumonia, two weeks after injury 
One (No 4) died 13 days after injuiy which had been debiided and closed 
His chances would undoubtedly have been better without primary closuie and 
amputation might have saved him One (No 6) is quite indefensible He was 
debiided and closed 23 houis aftei admission and died 12 hours after opeia- 

tion If any opeiative interference was necessary at that time, drainage alone 
was indicated 


483 



JAMES H HEYL 


Ann-ilsofSiirRerv 
March 1940 


Tablc V 

RLSUMf: or LATE FATALITIES 

Case Hosp 

No No Se\ Age History, Diagnosis, Course and Cause of Death 

1 29135 M Gpyrs Adm 11/10/36 Struck by truck Treatment of shock, 

Russell traction to left leg and left arm, iodine, no closure 
Course was smooth until the twelfth day 
Died fifteenth day after admission 

Diagnosis Compound fracture left femur, middle third, 
compound fracture left humerus, lower third , fracture head 
of left fibula, fracture second, fourth and fifth metatarsals, 
right, fracture proximal phalanx of second toe, right, com 
cussion of the brain 

Autopsy Bronchopneumonia, general and cerebral arterio- 
sclerosis, cardiac hypertrophy, cardiac myocarditis, sclero- 
sis of the coronary artery, sclerosis of the aorta, hj^perten- 
sion, chronic nephritis 
Cause of Death Bronchopneumonia 

2 10580 (See Case No 3, Table IV Patient died 12 hours after ampu- 

tation, six days after admission, from sepsis and shock ) 

3 7592 M 35 yrs Adm 7/28/27 Elevator weight fell on nght forearm Treat- 

ment of shock for nine hours Perfnngens serum 7/28/27, 
operation — debridement and closure, repair of muscles and 
tendons, infection 8/4/27, transfusion Reaction fol- 
lowed by suppression of urine 8/10/27, operation — decap- 
sulation of both kidneys Spinal anesthesia 
Died 15 days after admission, 8/12/27 
Diagnosis Compound fracture neck and lower third of right 
radius, avulsion of skin of right forearm, division of 
muscles and tendons of right forearm , shock 
Cause of Death Kidney complication 

4 8393 M Adult Adm 12/9/27 Automobile ran over left foot Treatment of 

shock 12/9/27, operation — debridement and closure, cir- 
cular plaster encasement 12/13/27, infection (hemolytic 
Streptococcus), opened 12/14/27, blood culture showed 
hemolytic Streptococcus 12/18/27 and 12/19/27, incision 
and drainage, 12/20/27 and 12/22/27, transfusions 
Died 13 days after admission, 12/22/27 
Diagnosis Compound fracture of lower third of left fibula, 
compound fracture tibia (malleolus), left, compound dis- 
location left foot 

Cause of Death Septicemia (hemolytic Streptococcus) 

5 29213 M 60 yrs Adm ir/28/36 Struck by automobile Treatment of shock 

11/28/36, ddbndement, open Kirschner wire (6 pounds) 
Pneumonia Sepsis Wound clean 
Died II days after admission, 12/9/36 

Diagnosis Compound fracture of right tibia and fibula, 
upper third, fractured pelvis, concussion of the brain, 
acute alcoholism Autopsy Bronchopneumonia , suppura- 
tive arthritis of the right sacro-iliac joint, internal hemor- 
rhagic pachymeningitis, dislocation of the sixth cervical 
vertebra 

Cause of Death Pneumonia and sepsis 
(See Case No 8, Table II Death due to shock and sepsis ) 
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Discussion —There is one point which stands out in our experience, and 
in that of otheis whose wiitiiigs aie sufficiently detailed to permit analysis, 
and that is the unfortunate lesults of primaiy closuie following dandement 
I feel that the inadequacy of debiidement to accomplish its purpose, namely, 
sterilization of an infected compound fiactuie, has not been sufficiently empha- 
sized 01 geneially appieciated Because it is the best method available to us, 
is no 1 eason for shutting our eyes to its shoi tcoinings The type of ci ushing 
injuiies in which it is most needful aie the ones in which it is most futile It 
must be agreed that primary closui e has been i esorted to too fi equently in our 
cases, and the same statement has been made by Daland^ in his sei les, although 
he still employs it m selected cases 

In any compilation of a small senes of compound fiactures, mortality and 
amputation pcicentages aie meaningless, since there are so many contiibuting 
factors The statistics in this senes aie as follows There were 26 deaths, 
01 a total moitahty of 203 pei cent If the 13 fatalities shown in Table I 
(mortalities within 36 hours) are excluded, the moitahty m the remainder is 
II 3 pel cent Sixteen patients were subjected to amputations, of whom one 
had amputations through both thighs There were five amputations of upper 
extiemities , thiee of the aim , and two of the foiearm, with no deaths There 
weie 12 amputations of lowei extiemities m ii patients, with two deaths 
There weie two amputations at the uppei third of the leg, without moitahty, 
and nine amputations at the thigh in eight patients, with one death The 
other death followed shortly after an amputation through the knee joint Of 
the 102 patients who suivived, five weie handicapped by the loss of an upper 
extremity, eight by the loss of a lower extiemity, and one by the loss of both 
lowei extiemities In other woids, 13 7 per cent of the survivors weie per- 
manently handicapped by the loss of a limb These are giuesome figuies, but 
on analysis do not appeal to offer likelihood of maiked impiovement, except 
b}'' prevention 

At first glance, the infection rate in this senes is much higher than m the 
senes fiom the Massachusetts Geneial Hospital, reported by Daland If the 
statistics are compared with the instances of compound crushing wounds of 
the long bones, theie is little disci epancy Environment, age, type of pa- 
tient, and type of mjuiy will altei results and enter into the choice of treat- 
ment Contamination of stieets, the few children in this series, and the 
seventy of the injuries militate against obtaining good results, and are rep- 
lesentative of the business and waterfront distncts of metropolitan ambulance 
sei vices Tlieie were nine anaeiobic infections 

Since most of these cases must of necessity be relegated to the younger 
suigeon. It would appear better piactice that most compound fractures should 
be left unsutuied, and even the sutuie of tendons and neives be postponed 
until u ounds ai e healed and clean, except in the exceptional case To provide 
adequate diamage, befoie infection has had time to infiltrate the tissues, should 

485 



JAMES H HEYL 


Annals of Surtrerv 
March 1940 


be an essential part of any debridement in crushing injuries The recent 
advances in plastic procedures peimit healing of open wounds without in- 
ci easing the period of disability beyond that of the fiacture 

In many cases the use of prepaiations of sulfanilamide is a hfe-saving 
procedure Its use as a piophylactic measure, or in suppurative infections 
other than hemolytic Streptococcus, is a question to be determined in the 
future The value of gas gangiene antitoxin as a piophylactic agent is yet 
unproved, indeed, as a cuiative agent it leaves much to be desired 

CONCLUSIONS 

In ti eating compound fractuies, each of the following points needs 
emphasis 

(1) Transpoitation in ti action 

(2) The deteimination of complicating conditions must be made on 
admission 

(3) Shock must be combated befoie opeiative proceduies are under- 
taken, by infusion, transfusion, etc 

(4) Debiidement should be peifoimed within six hours of the injury 
or not at all 

(5) Reduction and immobilization should be undei taken early 

(6) Late reductions, aftei infection is piesent, aie contraindicated 

(7) The closuie of wounds, with oi without debiidement, should be 
exceptional 

(8) Amputations are necessary foi impaired cii dilation or spreading 
infection 
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Discussion — Dr Robert H Kennedy (New York, NY) brought 
up the point that the whole era of modern suigery was developed through 
surgery of compound fractures In 1864, Joseph Listei, of Glasgow, was 
struck by the remarkable effects produced by carbolic acid upon the sewage 
in the town of Carlisle He was so disturbed by the foul discharge and odor 
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coining fioin compound fractures that he decided to try carbolic acid on 
them His chance came in Maich, 1865, in a compound fractuie of the leg 
The treatment M^as unsuccessful However, in Ins report m the Lancet, m 
1867, of the next li cases of compound fiacture, one died and one had an 
amputation Then followed the period of antisepsis and asepsis in surgery 
Interest 111 improving the treatment of compound fractuies really initiated 
the whole peiiod of modem surgeiy 

The necessity of fixed traction ti ansportation is generally ignored It 
has been difficult to peisuade surgeons that traction is necessary 111 simple 
fractures It is equally as necessary in compound fractures, if not more so 
All of these patients should be operated upon Therefore, if a projecting 
fiagment disappears within the wound, undei traction, we should not feel 
that the danger of infection has been inci eased 

Debiidement is absolutely necessaiy, but it is commonly poorly per- 
foimed Since the days of the World Wai no one has had a chance to 
peifoim them fiequently enough Within the last month one of Doctor 
Kennedy’s mteins told him that debridement meant to cut away the margin 
of the skin He feaied that some suigeons coiicui m this as far as then 
actual pioceduie is concerned Doctoi Kennedy agreed with Doctor Heyl 
eiitiiely on the necessity of pei forming debridement within six hours or not 
at all Houevei, stieiiuous effoits should be made to have the patient pre- 
paied within six hours Doctoi Kennedy said that he is strongly against 
closing the wound m a compound fiacture, though this does not mean he 
never closes one One has no light, however, he felt, to start with the idea 
that he is going to do so Many factors must be considered before the 
suigeon has a light to take this 1 esponsibility Whatever one does aftei 
the ddiiidement and aftei 1 educing the fractuie, he must obtain complete 
immobilization if a good result is desired Incomplete immobilization cer- 
tainly iiici eases the chances of infection becoming established 

There has been some talk duiing the past two years regarding sulfanila- 
mide 111 cases with gas infection Doctoi Kennedy said it is being used at 
Beekman Stieet Hospital It is not known whether it affects the Closfudtttm 
welcJm 01 only the Streptococcus that is frequently present, also, it may 
effect some symbiotic action between the two It should be used both pro- 
phylactically and m treatment But the use of sulfanilamide must not inter- 
fere with cai lying out thorough smgical wound cleaning and subsequent 
diamage Sulfanilamide is only an adjuiant to propei surgery 

Dr Fenwick Beekman (New Yoik, N Y ) said that the question of 
compound fractuies bad interested him foi many years and that since the 
Woild Wai he had seen a great many different types of procedure developed, 
many of which weie veiy advantageous, and otlieis that had been taken up 
and tin on n down In the long run, the conseivative surgeon has been the 
man Mho has done the most for the treatment of compound fractures Doctor 
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Heyl has i)iesented a veiy sensible and conservative surgical procedure to 
follow in compound fiactuies 

Doctoi Beekman concuired with Doctoi Kennedy and Doctor Heyl that 
veiy few people Inoiv what debiidement is A patient with a blood pres- 
suie of 8 o 01 below certainly could not stand the shock and hemorrhage of 
a debiidement, and at the same time lecovei fiom the shock In a debride- 
ment, one must have peifect anesthesia A certain amount of hemorrhage 
IS inevitable, unless one controls it with a tourniquet Doctor Beekman per- 
sonally could not see why one should mciease the mortality, as, undoubtedly, 
would be the case if these patients weie submitted m shock to immediate 
debridement Undoubtedly the vast majoiity will recover fiom their shock 
with piopei tieatment long before six houis had passed 

Doctor Beekman also touched upon secondar}'^ attempts at reduction 
Infection is certainly spread b}' attempts to get bones into alignment after 
a piimary attempt has failed Even within six houis, if further attempts at 
manipulation aie made, one is going to get secondaiy hemorrhage and there 
will be a spread of any contamination that is present Certain of the barriers 
that nature has put up m that shoit time aie going to be broken down, and, 
under no ciicumstances, should any attempt ever be made at secondary reduc- 
tion One should get the best reduction possible at the beginning and then 
leave it alone 

Those who use the so-called Oir tieatment have found it to be, in many 
cases, an ideal foim of fixation Ti action is not as ideal because in traction 
any movement of the patient, as onto a bed j^an, changing bed clothes, dress- 
ing wounds, 01 any othei act, is bound to pioduce the same harmful 
effect as secondaiy attempts at i eduction 

Doctoi Beekman said that Doctoi Heyl had been very brave, and he 
wished that moie people would do what he has done, namely, present a case 
that has been a failui e , m that case Doctor Heyl showed his mistakes, and, 
if more suigeons would do the same, a great deal could be learned 

Dr John M Hanford (New York, NY) emphasized one factoi of 
great impoitance, not only in the treatment of compound fiactuies but in all 
accidental wounds and in many operative wounds — something that is becom- 
ing more and moie appieciated as worth while It is the iirigation of these 
wounds — delibeiate, piolonged, thoiough iiiigation with hot saline — no matter 
how small the wound may be, before, dining and after the debridement Some 
of these wounds ai e vei y small , nevei theless thorough ii ngation may wash 
out bacteria and small particles This simple factor of treatment should be 
carried out He, himself, now iiiigates many operative wounds, because the 
value of 11 ngation is geneially accepted in accidental wounds and in com- 
pound fractures 

Another fact he emphasized was that even though the patient may be in 
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shock, u ligation can be earned on during that tune The wound may be veiy 
thoioughly washed out without adding to the patient’s shock, especially if hot 
saline be used, even ovei a considerable period of time 


Dr Clay Ray Murray (New Yoik) felt that Doctoi Heyl had piesented 
a valuable analysis of a senes of paiticularly severe compound fractures His 
stiessing of the importance of the emergency treatment m compound fiactures 
is not only extiemely worth while but should be fully appieciated Moieovei, 
because a fiacture is compounded, and the bone fiagment is piotruding, theie 
has been a hesitanc}^ on the part of many individuals to apply ti action to the 
extremity because of the withdiawal of infected mateiial into the tissues was 
something to be feaied 

I should feel that if, in these cases, it weie possible to perform a debride- 
ment and tieat the wound within the time which one oidinaiily feels that 
debiidement may have its maximum effectiveness, there is every advantage 
111 applying ti action to these, just as much as to the simple fiacture, because 
this debiidement will diain adequately and open the wound within a brief 
peiiod of tune 

The fiist gioup of cases Di Heyl outlined, those that obviously aie going 
to die. It IS ceitam that suigery upon the compound fiactuie is the height of 
optimism 

I do not believe that a patient suffering from shock — not lesultmg fiom 
complicating iiij Lines — uith a blood pressure of 8o, 70, or even 60 Mm sys- 
tolic on admission mnst zvait A delay of six 01 eight hoius to pick up the 
patient s condition only to knock him down again with debridement, and at 
the same tune lose the optimum benefit of the debi idement by the delay I do 
not believe this is eithei good suigery or good physiology I see no leason 
why a patient with a compound fracture, not complicated by other injunes, 
siiffeiing fioni shock, should not receive shock tieatment coincidentally If 
shock tieatment is adequate — infusion, tiansfusion. cortine, etc — theie is no 
leason why the patient can not go to the operating room wheie his debiide- 
ment is peifoimed uhile shock treatment is being earned out It is oui ex- 
perience that in cases in which the blood piessuie was so low as to be almost 
unascei tamable, if shock tieatment is adequate and earned out coincidentally 
with debiidement — ^without taking the patient out of his traction splint, with- 
out manipulation of the fiactuie, although little could be done foi the fiactuie 
pel haps— debiidement of the wound can be perfoimed and is not a suigical 
mistake It is a mistake to delay this particular type of case until they are 
lecoveimg fiom then shock so that Ye can opeiate upon them later and knock 
them clown again 

It IS impoi tant at the time of opeiation to take cultui es of the wound Fre- 
quently, one may obtain cultui e lepoits within 24 to 36 houis rvluch will antici- 
pate evidences of wound infection, which may not become evident foi foui or 
fi\ e days 


I Yotild like to sLibsciihe heaitily to the idea that no compound fracture 
Y OLind should be closed You may close them and get au^ay Yuth it but I do 
not believe that the good foi tune to get away with it, is justification for such a 
pioceduie If they become infected they ceitamly do much more pooily than 
the Y oiinds that aie eft open The value of the suigeon’s judgment whether 
SLich a wound should be closed was perfectly illustrated in the case Di Hevl 
piesented with laceiations not communicating with the fiactuie, and involving 

489 



J/^MES H HEYL 


Annals Of Surcerj 
March 1940 


only supeificial tissues If infection occurs, it is likely to involve the fracture 
Wound tension is frequently the deciding factor between the development of 
septicemia or not 

There is just one other point, and that is the question of fixation of the 
compound fracture That should be rigid, whatevei method is employed 
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ON THE CONTROL OF AIR-BORNE BACTERIA IN OPERATING 
ROOMS AND HOSPITAL WARDS 

A PRELIMINAEY REPORT 

Elizabeth Chant Robertson, M D , Ph D , 

AND 

M Elizabeth Doyle, B H Sc , M A 
Toronto, Canada 

FROil THE DEPARTMENT OF PEDIATRICS, tTMAERSlTY OF TORONTO, AND THE HOSPITAL FOR SICK CHILDREX, UNDER 
THE DIRECTION OF ALAN BROMN, MD, FRCP (c), TORONTO, CANADA 

Physicians have long believed that pathogenic bacteria are not carried 
by the air for moie than a few feet from the patient’s mouth This opinion 
was badly shaken when W F and M W Wells^ reported their work, four 
years ago These Harvard mvestigatoi s found that when broth cultures of 
almost any of the common pharyngeal organisms were projected into the an 
in the form of fine spray, the tmy droplets of fluid dried up and the bacteria, 
so to speak, perched on a tiny particle of solid material, remained alive, 
suspended m the air, for as long as two or three days 

Another important step m the field of air-borne infections was initiated by 
Deryl Hart,^ who found that ultiaviolet light would reduce the air-borne 
bacteria m the operating room For this work, special mercury vapor lamps,* 
run on the same principle as neon tubes, were devised They were made 
of Cor ex glass tubing which transmits ultiaviolet light down to about 2.000 
A units, which is considerably shorter than the shortest ultraviolet in sunlight 
It does, however, cut out the very short ultiaviolet rays About 80 per cent 
of the energ)^ given off by this lamp is m the 2,537 band, which is definitely 
lethal to bacteria 

In 1936, the Hospital for Sick Children put in a new operating room 
equipped Avith air-conditionmg, and a battery of eight of these ultraviolet 
lamps mounted around the cential light (Fig i) This set-up afforded a good 
opportunity to test out the efficacy of these two factors — air-changing and 
ultiaviolet light — 111 removing bacteria fiom the air 

The air entering the room was forced in at a rate of about 370 cubic feet 
pel minute, winch created no draft but w^as sufficient to change all the air in 
the room once every eight minutes The air w^as taken from the roof above 
the fifth story of the hospital and was cleaned by passing through sticky, cor- 
lugated papei filters It contained about four bacteria per cubic foot wdien it 
entered the room, or, in other words, it was practically bacteria free None 
of the an w^as leciiculated The temperature varied some 10° F (74°-84° F ) 
and the relative humidity also showed grea t variation (30 to 75 per cent) 

Submitted for publication December 12, 1938 
* Westinghouse Stenlamps 
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The essential thing, so fai as the removal of air bacteria is concerned, seemed 
to be the movement of air into and out of the room 

To count the bacteria in the air the following simple apparatus was de- 
vised A measured amount of an was slowly drawn (by means of a siphon 
anangement) thiough a glass tube containing two tightly packed, sterile 
absorbent cotton plugs, one at either end of the tube The ends of the tube 
were closed wnth rubber corks with holes through the center After use, the 
second plug was dropped in a tube of broth and incubated It ivas alwa3's 



Fig I — Operating room sliouing eight ultraMolet lamp'; ‘suspended al)o\e the table The air intake is on 

the upper left 


sterile, and, therefoie, all the bacteiia fioni the air passing* thiough liad been 
lemoved by the fiist plug The bactena then had to be washed out of the 
first plug and counted This was done by mechanicall}^ shaking up the plug 
in 50 cc of stenle bioth for 20 minutes Although all the bactena Avere not 
removed from the cotton plug by this procedui e, the 1 esults in the A^anous tests 
are comparable, as the method Avas constant thioughoui Aftei shaking, 10 
cc of the plug-contammg bioth Aveie added to 20 cc of cooled melted agar 
(2 per cent), one and one-half cubic centimeters of human blood AA^ere put in 
and the AAdiole Avas poured into a laige Petii dish Three such plates AA^ere 
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pouted 111 each test to seive as checks Aftei 72 houis incubation, the colonies 
o! bacteiia i\eie counted and picked ioi identification 

When making a count of the an bacteria in the operating room, the an 
was taken from as near the site of opeiation as possible"^ The flow of air 
till ough the plugs was stai ted when the first incision was made, and was kept 
up until the last sutuie was placed, or until an houi’s sample had been taken 
The ail was diawii tin ough at the late of a little ovei a liter a minute Such 


Table I 

BACTERIA PER CUBIC FOOT OF AIR IN OPERATING ROOM 


Operahons lasting ooer 45 minutes 


Air Off 

Air On 

Air Off 

Air On 

U-V Lamp Off 

D-V Lamp Off 

U-V Lamp On 

U-V Lamp On 

37 

15 

2 

I 

82 

28 

42 

0 

24 

34 

34 

14 

122 

19 

8 

23 

88 

31 

25 

20 

45 

31 

10 

0 

57 

42 

8 

2 

85 

42 

16 

8 

48 

42 

14 

4 

40 

8 


2 

17 

16 


0 

68 

21 


8 

40 

34 


0 


25 

57 

116 

14 

7 

85 

6 

31 

8 
3 

II 

31 

8 

20 


3 

25 

II 

8 

6 


17 


Aierage62 Average 26 Average 18 


Average 6 


* We are much indebted to Dr D E Robertson, Dr A 
Keith for ahowing us to take air samples in the operating 
operation throughout this work 


W Farmer and Dr W S 
room and for their kind co- 
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counts were made during 70 different operations, lasting three-quarters of an 
hour or moie, earned out under the various conditions of air-changing and 
ultiaviolet light The detailed results are shown in Table I 

On the aveiage, when neither the air-changing nor the lamp was used, 
there were about 62 bacteria pei cubic foot When the air-changing only was 
used, there wei e less than one-half as many bactei la (26 per cubic foot) When 
the ultiaviolet lamp only was used, theie were less than one-third as many 
(18 pei cubic foot) When both the air-changing and ultraviolet lamp were 
used, theie weie only about one-tenth as many bacteria (6 per cubic foot) 
Eithei the air-changing 01 the ultraviolet lamp was fairly effective in remov- 
ing bactei la, although the lamp was the better of the two The combination 
of both was veiy efificient, as the air then contained only slightly more organ- 
isms than the fiesh filtered an that Avas being diawn into the room The 
average numbei of bactei la per cubic foot of air in numerous operations last- 
ing from 25 to 44 minutes, and fiom 15 to 24 minutes are shown 111 Table 11 
In general the lesults aie similai to those shown m detail in Table I 

Tablc II 

BACTERIA PER CUBIC TOOT OP AIR IN OPERATING ROOM 
Operations lasting 2^-44 minutes 

Aver No 
Bactena 
Per Cubic Foot 


32 operations with air off and U-V lamp off 74 

42 operations with air on and U-V lamp off 33 

12 operations with air off and U-V lamp on 25 

18 operations with air on and U-V lamp on 14 

Operations lasting 15-24 minutes 

21 operations with air off and U-V lamp off 77 

16 operations with air on and U-V lamp off 50 

4 operations with air off and U-V lamp on 13 

9 operations with air on and U-V lamp on 9 


When the ultraviolet lamps were used, it was necessai}^ for everyone m the 
operating 1 00m to weai glasses, a vizor, and some protection over then necks, 
in order to avoid conjunctivitis and buining of the skin Masks coveiing the 
nose and mouth were alwaj'^s worn in the operating room 

When the results obtained duiing difteient types of opeiations were coni- 
paied, it was seen that theie were more bacteria in the air during operations 
which necessitated considerable moving about by the operating team 

During operations, theie were usually five or six people in the opeiating 
room, and the counts weie as shown in Tables I and II When the room was 
empty, or when only two people were in it, the counts were much lower 
Therefoi e, the bacteria were largely due to the presence of people 111 the 1 00m 
Counts made during the induction of the anesthetic and when the patient was 
being draped, were much higher than later, when the operation was proceeding 
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quietly No doubt many of the bacteria were stirred up from the floor, from 
the blankets, etc As there weie fewer bacteria out in the hall than in the 
operating room, the organisms were not entering through the hall door, 
which was opened many tunes during an operation 

The recently devised Wells’ air centrifuge^ was also used for making bac- 
teiial counts In this method the indiawn air is tin own against the inner 
surface of a cylindrical layei of moist agar that is being spun around A 
sample can be taken in five minutes and i ead after 24 hours incubation The 
method is certainly easy and rapid, but bacterial spreaders on the tubes some- 
times make it impossible to count the bacteria Also, this machine luns 
at such high speed that it causes consideiable turbulence in the air A five- 
minute sample was taken at about the middle of an opeiation and the counts 
obtained aie shown in Table III The Wells’ centrifuge results agiee in 
general with those obtained by our own method They are lower because not 
all the bacteria are caught and because a clump of bacteria gives rise to only 
one colony by this method, instead of many, when the clump is bioken up by 
the shaking used in our method 

Table III 

PER CUBIC FOOT OF AIR IN OPERATING ROOM 

(wells’ air centrifuge method) 

OperaHoilS lasHng over 45 niimdes 

Air On Air Off Air On 

U-V Lamp Off U-V Lamp On U-V Lamp On 
696 

6 4 

5 2 

8 

3 

11 

4 

12 

In addition, we always set out blood agar plates during the operations, but 
this method is of little value when the ultraviolet light is used, as the light 
will kill bacteria after they fall on the plate if they are exposed to its rays for 
five minutes So the only bacteria that grow on these irradiated plates are 
those that have fallen on them during the last five minutes of exposure The 
number of colonies on blood agar plates, set out for one hour, during opera- 
tions earned out under the four conditions tested, are shown in Table IV 
The types of organisms found were as follows About 50 per cent were 
large gram-positive Cocci in tetrads — a common, probably harmless type of 
air bacteria About 25 per cent were Staphylococci, mostly e/bus, although 
ameus strains were found fairly often The other 25 per cent were made up 
of diphtheroids, aerobic spore bearers, and thin gram-negative Bacilli 

In seven operations, the throats of all the staff present in the operating 
room were cultured Of these, 20 showed Streptococcus vmdans and eight, 
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U-V Lamp Off 

13 

16 

15 

29 

18 

6 
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SUeptococcus hemolyttcns However, neither in these nor m any of the other 
operations did we obtain Streptococci fiom the air by oui method or by that 
of Wells In one opeiation, in which no throat cultures weie made, a few 
hemolytic Stieplococci weie found on one of the blood plates that had been 
set out 


Table IV 

NUMBER or COLONIES OF BACTERIA, PER PLATE, GROWING ON 
BLOOD AG\R MEDIA 

Operaiio7is lasting 6o viiJiutes 

Air Off Air On Air Off Air On 

U-V Lamp Off U-V Lamp Off U-V Lamp On U-V Lamp On 
52 26 5 I 

The large, air-borne Cocci are relatively hard to kill with heat and are 
piobably generally resistant to lethal agencies However, this ultraviolet light 
kills them If It can kill the resistant organisms, it would probably kill off 
the less resistant pathogenic organisms moie readily 

The surgical staff did not obseive any change m the rate of healing of 
the wounds in the children opeiated upon undei the lamp The cases were 
practically all “clean” cases, and were foi the most part brain operations, plastic 
skin opeiations, sympathectomies, bone operations, appendicectomies and her- 
niotomies Such wounds heal very rapidly m children anyway, and it would be 
difficult to demonstrate an improvement in healing as the result of exposure to 
the lamp Only one of the iiiadiated cases showed postoperative infection m 
the wound This child was operated upon for contracture of a finger following 
an injury six months previously The oiiginal wound had been infected with 
Staphylococci The tendon was lengthened, suiiounded with cellophane and 
covered with skin and subcutaneous tissue The infection, therefore, might 
have been a lighting up of an old focus 

The degiee of postoperative temperature of the children operated upon 
under the ultiaviolet light was not appreciably lower than that of the controls 
In a great many cases they were gn’^en injections of antitoxin shortly after 
operation which made it difficult to interpret their temperature reactions 
Deryl Hart^ found that adult patients operated upon under the ultraviolet 
lamps showed lower temperatures and more lapid wound healing than the 
controls 

Air bacteria counts'*' were also made in a crowded hall in the Out-Patient 
Department, from a large ward in which there were 14 to 17 older children, 
and from infant ward cubicles containing three to six babies As is shown m 
Table V, the number of organisms was very large m the first two locations 
In the large ward, the counts weie made while the ward was being swept, or 
shortly afterward They varied to some extent with the vigorousness of the 
sweeping 


* Using the author’s method 
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BACTERIA PER CUBIC TOOT OP AIR, PROM PARTS OP 
THE HOSPITAL OTHER THAN THE OPERATING ROOM 


Medical 0 P D 

Large Ward 

Cubicles on 
Infant Ward 

538 

113 

85 

424 

226 

57 

212 

991 

14 

368 

963 

57 

424 

85 

85 

706 

113 

14 

651 

623 

170 

566 

312 

57 

368 

1 13 

19 

85 

57 

57 


283 

304 

An investigation is in progiess on the infant ward to find out if a combina- 
tion of aip-changing and ultraviolet light will diminisli the incidence of sec- 
ondaiy infections 


SUMMARY AND CONCLUSIONS 

Counts of air-borne bacteiia were made in an operating room equipped 
with air-conditionmg (eight changes an hour) and special ultraviolet lamps 
(Westinghouse Sterilamps) With neither air-conditioning nor lamps the 
average number of bacteria per cubic foot of air was 62 By the use of air- 
conditioning this was reduced to 26 , when the lamps alone were used the count 
fell to 16 When both air-conditioning and ultraviolet lamps were used, only 
SIX bacteria per cubic foot were present About half of the bacteria weie 
harmless air-borne Cocci 

Either air-conditioning or ultraviolet lamps markedly reduce the air-borne 
bacteria Of the two, the latter is more effective The combination of both 
these agents is very efficacious 

Counts made in cubicles on the infant ward averaged 61 bacteria per cubic 
foot Those made on a large children’s ivard or in the Out-Patient Department 
w^ere much higher 

With a combination of air-conditioning and ultraviolet lamps it should be 
possible to 1 educe an -borne secondary infections in the w'aids 
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THE ELIMINATION OF EUBBER TUBING ON 
INTRAVENOUS SETS 

A NEW SISTER! FOR THE ADMINISTRATION OF INTRAVENOUS SOLUTIONS 

Frank W Hartman, M D 
Detroit, Mich 

FROM THE DFI \nTMENT OF PATHOLOGl HEN HI FORD HOSPITAL DETROIT, MICH 

The USE of lubber tubing in the administration of intravenous therapy 
goes badi as fai as we can tiace tins type of treatment and is, at the present 
time, conceded to be a necessit}! along with the container, needles, clamp, and 
tourniquet, unless the amounts of fluid to be given are small enough to be 
administered with a syringe 

The care of ruhbei tubing used m intravenous work is indicated in the 
quotations fiom Little^ and Walter- as follows 

Little^ “Rubhei tubing must be prepared initially by boiling in a 4 per 
cent solution of sodium hydi oxide, cleaning with a brush, preferably a wire 
blush, and rinsing in fiesh distilled water Brushing and iinsing should be 
repeated after each using This is necessary because new rubber tubing has 
a surface coat of talc both inside and out which must be removed Old rubber 
tubing requires the same cleansing on account of the sulphur which is present 
m the rubbei and which giadually sublimes out Within the past few yeais 
a new type of rubbei tubing has become available — acid-cure tubing In this 
kind of tubing no sulphur has been used and the cai e of such tubing is greatly 
simplified It long has been known that the powder on new tubing must be 
lemoved It is less generally recognized that sulphur giadually sublimes out 
of rubber and coats the inner sui face with finely divided, easily dislodged par- 
ticles Clamping and pinching the tube loosens these and such handling of 
improperly cai ed for tubing frequently is followed by a chill ” 

Waltei- "The ‘bloom’ is 1 amoved fiom new lubber by treating it with 5 
pel cent sodium carbonate solution 111 an autoclave at 250° F , for 30 minutes 
The lubbei is then rinsed with i pei cent hydrochloiic acid followed by dis- 
tilled water Caie must be taken that the inside of the tubing is full of solution, 
otherwise the innei surface, which comes in contact with the parenteral fluid, 
will not be properly cleaned The tubing is coupled together with glass 

connectors and boiled for 45 minutes in a o 5 per cent solution of sodium hy- 
droxide The alkali, fiom a convenient reseivoir, is run through the tubing 
continually during the boiling Aftei the tubing is cool, distilled water is run 

through it for 30 minutes ” 

Submitted for publication January 10, 1940 
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Not only is rubber tubing difficult and time-consuming to prepaie, but the 
first cost of good tubing is from five to ten cents per foot, and repeated prepara- 
tion and sterilization soon causes the inner surfaces to become sticky At the 
same time the rubber loses its “life” and must be frequently replaced on this 

account 

In seeking a method of eliminating rubber tubing it seemed highly desii- 
able to avoid, at the same time, leprepaiation and lesteiilization, if possible 
In othei woids, the ideal mateiial to leplace iiibbei tubing would be one which 
contains no proteins, sulphur, or othei undesiiable substances and j^et one 
which IS cheap enough to be used once and di scalded 

Such a mateiial was found in seamless cellophane tubing Tests, by Dr 
O H Gaebler, show that the tubing contains no piotem oi sulphui The 
sill faces aie thinly coated with glyceime but this is lemoved m the pielimmaiy 
washing with distilled water Biologic tests on labbits, using saline and glu- 
cose solutions kept in contact with this cellophane foi 24 boms and steiilized 
in contact with it, showed no elevation of tempeiatuie 01 other leaction dining 
three houis’ observation 

In ordei to make the use of the cellophane tubing economical, it was neces- 
sary to work out a connection at each end w Inch could be made quickly, was 
stiong and safe, yet did not cut 01 puncture the tubing The simple piocedure 
of inseiting a one-inch length of tubing within the boie of the cellophane tub- 
ing and then doubling the ends of both back as shown m H-3, was finally 
evolved This connection is dm able and flexible so that it forms a tight seal 
at the cork and about the shank of a needle G or syringe F The cost of each 
cellophane tube unit is about two cents 

The use of glass tubing is avoided by running the cellophane tubing dnectl} 
through the cap H An is filtered thiough the felt washer H-i, and leplaces 
the fluid as the lattei flows into the patient’s vein Sandblast graduation of 
the bottles and hangei C, made from vacuum caps and stainless steel, allow 
the use of standai d, electi ically annealed pharmacy bottles 

For actual use the solutions aie bottled and steiilized as usual The cello- 
phane tubing with rubbei tip connections, the bakelite cap and the felt washer 
are put up in a small glass jar A 01 othei container These may also be put 
up 111 bakelite containers which scieu on as the original bottle top The latter 
arrangement would peihaps be more convenient in case of packaging and ship- 
ping but when made and used locally the glass jar is piefeired 

The actual steps in using the new apparatus aie as follows The cellophane 
tubing E, )^-inch diameter, is washed through in 96 feet lengths with distilled 
iiatei It IS then divided into six-foot lengths and the balcelite cap H-2 is 
slipped ovei it The rubber tips H-3 and G-3 are now inserted The tube 
with cap and tips is placed in glass jai A with felt washer H-i A few drops 
of watei are added and the jai is sealed tightly with the aluminum cap A-i 
The set is now sterilized Mith steam at 20 lbs , foi 30 minutes 

In admimsteiing the fluid the cap is lemoved fiom the bottle and from the 
small jai The washer H-i is lemoved from the jai with steiile forceps and 
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ADMINISTRATION OF AVERTIN 


and may have to be “milked” just below the bottle with thumb and finger 
Once filled, the bubbles are simply allowed to giavitate back o 
Forcing the bubbles back may saturate the felt washer and interfere with air 

filtering through into the bottle 


SUMMARY 

A new system of administering intravenous solutions with the elimination 
of rubber tubing is described which is more economical than previously de- 
scribed methods because of its simplicity, low first cost and low maintenance 
costs It provides a fresh new tube for each administration which is chem- 
ically clean and free of all substances which might produce reactions 

It provides full visibility as to the character of the solution, bubbles and 

blood from the patient 


REFERENCES 

1 Little, W D Causes for “Reaction with Chill” Following Intravenous Administration 

of Normal Salt Solution Jour Ind State Med Assoc , 25, 344"345, ^932 

2 Walter, Carl W Preparation of Safe Intravenous Solutions Surg , Gynec , and Ohstet , 

63, 643-646, 1936 


A NEW CATHETER FOR ADMINISTRATION OF AVERTIN 
ANESTHESIA TO INFANTS AND CHILDREN 

Franc D Ingraham, M D 

AND 

James B Campbell, M D 
Boston, Mass 

FROM THE SURGICAL SERMCE OF THE INFANTS AND THE CHILDREN S II03PIT\LS BOSTON M^SS , AND DFI tHTMCVr 

OF SERGEn\ IIARN VUD MFDIC^L SCHOOL 

There is some difference of opinion as to the advisability of using basal 
avertm anesthesia in very young patients In the expeiience of the Suigical 
Service in the Children’s Hospital, Boston, where it has now been used in 
over 7,000 cases, it has proved eminently satisfactory In the neui osurgical 
cases with which w^e have been entirely concerned, aveitm has been particu- 
larly valuable, since w^e have relatively few^ patients old enough to make 
local anesthesia feasible The majority of these patients must have general 
anesthesia through a period of from one to four hours and they undoubtedly 
have less severe leactions to operation with good basal anesthesia and a 
con espondingl)^ smaller amount of ether Occasionally it is possible to cany 
out the greater portion of a major neurostn gical pioceduie with avertm 
alone 

It has been our custom to give 'a 100 mg per kilo dose, wdnch gives the 
desired result when the solution is retained until absorption is complete 


Submitted for publication August 18, 1939 
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Fiequently it is impossible for young childien to letain the solution even 
when they aie cooperative Obviously, in the vei}'’ young patients, there is 
likelihood that the aveitin will be at least partially expelled 

The catheter pictuied"*- (Fig i A and B) has been devised to obviate this 
difficulty, which it has done completely The cathetei is inserted so that the 
potential bulb lies just inside the internal sphincter The bulb is then dis- 
tended with 6 to 10 cc of A\atei, depending upon the size of the patient 
The aveitm is run m thiough the laigei channel and cannot be expelled until 
the bulb IS deflated Ordinary wooden golf tees make very efficient stoppers 



A B 

Fig I — Shows the catheter befoie (A) and after (B) distention of the bulb 


foi the open ends of the cathetei and aie less damaging than the use of a 
clamp A nongi easy lubi leant must be used 

This instiument has pi oven veij'’ useful, and is desciibed so that it inaj' 
be helpful to otheis inteiested in the administiation of lectal anesthesia to 
very young patients, oi to oldei patients who, foi one reason oi anothei, 

aie uncoopeiative 

* Manufactured by the Da\ol Rubber Co and distributed by C R Bard, Inc 
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IN MEMORIAM 

William J Mayo 
1861-1939 

AND 

Charles H Mayo 
1865-1939 

No ASSEMBLY of doctors should permit an opportunity to pass to pay 
homage to the lives and works of Drs W J and C H Mayo ^lierculean 
in their achievements and yet withal so simple and diiect m their manner 
The world-renowned Mayo brothers died within two months of each other 
(May 26, 1939 and July 28, 1939) as though the one left could not endure 
to live alone, and this was characteristic of their lives The younger died 
hist as the elder would have preferred it, with his matchless love foi his 
brother 

Men admire those who can do superbly what ordinary man can do well 
Theie was no showmanship about their suigery — only directness and per- 
fection 

“Doctor Will,” as he was affectionately called, specialized in the surgery 
of the abdomen “Doctor Charlie,” equally beloved, did everything well, 
not only in the abdomen, but in the eye, the biaiii, and all of the deformities 
of the body and its diseases Which was the greater suigeon^ Once asked 
that question m Boston, I leplied, “Doctor Will is a wonderful surgeon 
Doctoi Chai lie is a surgical wonder ” And so they sti ove, first helping each 
othei and then thinking of the training of others 

John B Murphy fiist told me about them m a spiiit of gieat enthusiasm 
He had nevei seen anything like it He marveled at then surgical ability 
He wondered at their enormous amount of work and commented upon then 
surprising results, and the thing that struck him most was that they had 
the same pocketbook That seemed incredible Yet I came to learn that it 
was perfectly tine 

Thirt3^-eight yeais ago I went to the small town of Rochester, Minn , to 
see these wondious men I have watched the development of the greatest 
institution in the world by many pilgrimages, and the passing of a mere 
village into a IMecca for suigeons, and have observed the throngs of people 
who came for the beneficient sei vices of their large group who w'ork to- 
gether so effectively — over 300 (1,000 new patients registered on one Monday 
last summer) 

What has made them so gieat? Simplicity, industry, and honesty No 
two men ever wmrked moie diligently and more joyously They w^ere the 
surgical tiaveleis of the woild No clinic of anj^ lenow^n but had seen their 

* Read before the Societ} of Clinical Surgerj , November 10, 1939, Boston, Mass 
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oft-iepeated visits They garnered togethei every new and useful technic, 
every modem and usable idea 

Honesty of the most meticulous type was their watchword Once, Doctor 

Will had devised and piacticed an operation foi resection of the stomach 

the Polya opeiation It had all been illustrated, peifected, and was ready 
for publication He learned that it had been published in an obscuie Hun- 



William J Mavo, M D 


ganan journal The author had only employed it but a few times, and it 
had been lost Doctor Will at once gave it the iightful name, practiced it, 
popularized it, and made it the operation of choice throughout the world 
Their honesty nas not of the compromising type It was absolute To that, 
I ascribe their tremendous achievements Their rare unselfishness, not wish- 
ing to take the whole spotlight, always willing to share it with others ^the 
constant addition of new names of clinicians, surgeons, bacteriologists, chem- 
ists, physicists, and biologists They knew what it took to make a great 
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clinic They upheld the puie scientist, and put him on the same basis as 

the clinician They aie indispensable one to the other 

AZ t every countiy in the civilized world honored these men with 
membership m 4ei. societies, honorary degrees in then univeis.t.es medal 
and decoiations from then governments, hellowships in the Co eges 
the world and citations f.om the nations The mere list is too long for 



Charles H Ma'io, M D 


repetition Their diplomas filled a large room The only other thing it 
contained was a little emblazoned line — there is ho fun like work 
In 1915, they cieated the Mayo Foundation for Medical Education and 
Research thiough funds given outright to the University of Minnesota to- 
gether ^\lth the clinical and laboiatory facilities and personnel for carrying on 
graduate medical education and research Thereby the Mayo Foundation be- 
came a part of the Gi aduate School of the Univei sity of Minnesota 

In a letter to the University of Minnesota transferring these funds 
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and making possible this aiiangeinent, one of them wrote “Our father 
lecognized ceitam definite social obligations He believed that any man who 
had bettei opportunities than others, gi eater stiength of mind, body, or 
charactei owed something to those who had not been so provided That is, 
the impoitant thing m life is not to accomplish for one’s self alone, but each 
should cany his shaie of collective i esponsibility The fund which we 
had built up and which had giown far beyond our expectations had come 
fiom the sick and we believe it ought to return to the sick in the form of 
advanced medical education which would develop better trained physicians 
and leseaich to i educe the amount of sickness The people’s money, 
of -which we have been the moial custodian, is being iirevocably returned to 
the people fiom -whom it came” 

Then simplicity and kindliness were then gieatest assets I saw one 
of them walk around an ant hill and its two rows of workers that he might 
not molest then industiy, the other, escort a dear old lady across the 
stieet from the clinic, about which she was inquiring, never telling her that 
he was the gieat physician to whom she had come 

The one thing that they had that I have never seen equalled was their 
gieat love one foi the othei — not ostentatious, but very real Whoever heard 
of one bi othei who would not have money, honor, oi fame that he could 
not shaie iMth his bi other ^ Neither of them could have budded that gieatest 
of all clinics It took then joint efforts 

Loyalty to tlieii fi lends was unsiii passed To each of themselves and 

to each othei they weie true 

“To thine ozvn self he tine, 

And if must foUozu, as the night the day, 

Thou const not then he false to any niaiA’ 

They weie the surgeon’s suigeon I think we counted on one occasion 
almost a dozen membeis of the Ameiican Surgical Society upon whom, or 
then wives, they had opeiated 

The giowth and development of the monumental Mayo Clinic has been 
so tremendous No man of whatevei gieat leputation was too big for them 
to take in Their development of youngei men was nothing less than 
phenomenal The medical man who has not been theie to partake of its 
great lessons has neglected a pait of his education They had wiitten 
piodigiously — ovei 500 papeis, addi esses, etc , each Their “Collected Papers 
is the surgeon’s Bible The incisiveness of their lectures while operating 
is ti ensured 

The home lives of these men have been so piecious Nobody ever had 
moie devoted wives whose loyalty and affection so stimulated and sup- 
poited them Then devoted mothei agieed to a moitgage on the farm for 
then fiist micioscope and then famed fathei gave them unswerving char- 
actei, high ideals, and their unforgetable early tiainmg 

For years they had no other god than surgery The amazing dexterity 
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of the elder in operations upon the stomach, the gallbladder, the pelvis, 
the colon and rectum, the kidneys and ureteis was unsurpassable The 
genius of the younger bi other was shown not only in abdominal singei)^ 
but in the development of the opeiations upon goitei, the prostate, the 
glands of the neck, staph)dorrhaph3>^, the female breast, and m the begin- 
ning of his work he did all of the suigery of the eye and with veiy gieat 
deftness Aftei a gulling day’s work the}’^ always took a nap aftei luncheon, 
which added gieatly to their health They practiced early using and 
abstemiousness 

Will Mayo was a great master at suigeiy Chailie Mayo was most 
gifted m getting out of the haid places in suigei}'^ Then he lose to his 
full height 

In the passing of Doctoi Charlie, all the world paused in leveience foi 
his gieat suigical genius and to give him the encomiums of his wonderful 
caieei — laurel for honor and rosemary foi remembiance His eldei brothei, 
who followed him to the Gieat Hereafter, was a faithful physician, an 
inspired organizer, a superb surgeon, a gieat dreamei who saw his dieam 
come tiue, kindly and sympathetic, and a tiue humanitaiian — a man who 
has left a magnificent statue of himself on the minds of all tiue physicians 
He had as his motto “He loved the tiuth and sought to know it” 

As the woild moves on, it pauses to do them honor and to pi ay that 
then equals may be seen again As long as life endtiies, the magic name of 
“Mayo” will gloiify medicine Were I to attempt to dedicate a few words 
to then memories it would be 

Surgeons, Sages, Scientists 
Makers or Surgeons 
Medical Philosophers 
Founders or Group Medicine 
Benepactors or Mankind 

William D Haggard 
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JOHN DOUGLAS 
1875-1938 


Dr John Douglas was born m New York City in 1875 and died Decem- 
bei 5, 1938 




John Douglas M D 

Doctoi Douglas was giadiiated from the College of the City of New York, 
and from the College of Physicians and Surgeons, Columbia University He 
completed his internship at St Luke’s Hospital in 1900 In I 903 > ^P' 
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pointed Assistant Surgeon, in 1916, Associate Attending Surgeon, and in 
1927, Attending Suigeon In the latter capacity he served until his death 
From 1903 to 1938, he was associated with Bellevue Hospital as Adjunct 
Assistant Surgeon, Assistant Visiting Surgeon, Visiting Surgeon, and Con- 
sultant in Surgery He uas Professoi of Clinical Suigery at New Yoik 
University Medical College From 1920 to 1927, he was Surgical Director of 
the Knickeibocker Hospital, and fiom 1927 to 193S, the Consultant Surgeon 
Doctor Douglas was deeply interested m organized medicine, and made 
many personal sacrifices for the cause He was Piesident of both the County 
Medical and the New Yoik Surgical Societies In these offices he won the 
respect and admiration of all who came m contact with him 

Doctoi Douglas was a membei of the New Yoik Academy of Medicine, 
the American Medical Association, Fellow of the Ameiican College of Sui- 
geons, the American Surgical Association and the International Surgical 
Society (Brussels) 

Doctor Douglas was a skilled surgeon of sound judgment and gieat ability 
His cheei fulness, kindness and innate sense of humoi endeared him to all his 
patients 

The brief review of the many positions of tiust so ably administered by 
Doctor Douglas can at best only indicate his piofessioiial and organizing abili- 
ties Those who were in Ins confidence knew uhat a biave heart he boie No 
soldier of the hue did his duty moie steadfastly 01 more cheei fully than Doc- 
toi Douglas He was a man among men 

Doctoi Douglas was veiy anxious to go to wai, and it was one of his 
gieatest regiets that cii cumstances beyond his contiol would not permit it 
His colleagues, on then return from the seivice, found checks awaiting them 
foi the services he had rendered their patients, and nothing could be done to 
change his unselfish attitude Doctor Douglas was one of the finest characters 
we had on our staff It can be said of him that he couiageously faced and 
overcame some of the greatest personal sorrows that a man could have A 
smile, a good story, a cheerful word, and an act of kindness were his answer 
He was human, lovable and a steadfast friend 

When we are called to cross the bar and put out to sea, may we bear with 
us sucli a shining record of love and duty done 

Henry H M Lyle 
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FRACTURES By Paul B Magnuson, M D , F A C S , Associate Pio- 
fessoi of Suigeiy, Noithwestern University Medical School, Third Edition, 
51 1 pages, with 317 ilkistiations Philadelphia, J B Lippmcott Co, 1939 

Tire AuriiOR has succeeded admiiahly in condensing the fundamental 
consideiations of the tieatment of fractures into a 500-page volume The 
book IS essentiall} a textbook and is of particular value to the medical 
student and the physician who occasionally tieats a fracture The theme 
of the book is well illustrated by the following aphorisms wdiich the author 
tabulates on the fiist page 

“Splint ’em wheie they he 

Shock is caused by fiactuie and is made wmrse b}”^ handling 
Tieat the shock, stop the hemoirhage, splint the fiacture, and trans- 
poit the patient to a hospital 

Tieat the w'ound, and 1 educe the fiacture after recovery from shock 
Study the muscles and then pull 

Bung the fiagment which can be controlled into alignment and rota- 
tion wnth the fiagment wdiich cannot be controlled 
Check fiecjuently w’lth X-ra}’^ 

Watch fixation appaiatus constantly 

Allow'^ no painful points of piessuie under any splints or casts 
A fractuie piopeily reducecl and held in reduction is painless” 

The mateiial is wUl oiganized The fiist four chapteis are devoted to 
the fundamentals, geneial piinciples of fracture tieatment, pathology and 
lepair of fiactuies, and the anatomic mechanisms and physical equipment 
in the leduction of fiactuies The lemaindei of the book is devoted to the 
treatment of specific fiactures The mechanics of injury are analyzed in 
lelationship to the anatomic peculiarities of each fiacture The muscle 
foices involved m the pioduction and maintenance of the deformity are 
desciibed and the best method of ovei coming these foices explained 

Closed methods of tieatment are stressed but the more common open 
opeiative technics aie also desciibed The author piefeis to use splints and 
ti action instead of the almost univei sally used plaster of pans encasements 
followung the 1 eduction of fractuies “All the methods described m this book 
have been thoioughly tried in practice There are many more which are as 
good, there may be some that ai e better, but these have wmrked l And wnth 
thought and attention to detail they will work in the hands of any man, be- 
cause they ai e simple and because they all take into consideration the anatomy 
and physiology of the paits under treatment, wnth the mechanical features 
simplified so that they may be applied without any great amount of special 
equipment If the diiection and amount of force wdneh causes the fracture, 
plus the muscle pull which maintains the fiacture deformity, is clearly under- 
stood before tieatment is undertaken, with ceitain fundamentals in the me- 
chanics of reduction piovided foi in the w^ay of pltysical equipment, the sur- 
geon’s ingenuity can be relied upon to meet the lequirements of the individual 

C8.SG 

Robert L Preston 
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The Surgery of Injury and Plastic Repair By Samuel Fomon, 
Ph D , M D 1,418 pages 2,000 illustrations, many m color A William 
Wood book Baltimore, Williams and Wilkins Co , 1939 

Dr Samuel Fomon’s The Suigeiy of Injury and Plastic Repaii is a 
fortunate addition to the ever growing and voluminous hteiature on plastic 
suigery The work repiesents the compilation of a vast selection of publica- 
tions and periodicals by leading authorities and includes tianslations which, 
until the piesent time were inaccessible in one volume The authoi has 
selected the newest and most standaidized surgical methods The complete 
story of the surgical steps 111 these chosen operations is veiy cleaily and 
accurately illustrated by numerous detailed diawings In desciibing the 
operative proceduies he attains a fluent and easy style and caiiies through the 
principles of physiologic lehabilitation and anatomic restoration, beyond meie 
cosmetic repair The author minimizes historic background and the usual 
superfluous “befoie and aftei” pictures which are unimportant f 10111 the 
teaching standpoint, and concentrates on modern suigery 

The book conipiises 22 chapters, coveimg complete legional suigery of 
the exteinal head with the gieatest emphasis placed upon the suigery of the 
nose Theie are chapters describing operations 111 general , tissue transplanta- 
tion, 111 which chaptei are described and excellently illustrated, fiom the 
destiuctive to constiuctive stages, common types of skin transplant employed 
at present, chapters on wounds, burns, fluid, salt and acid-base balance, 
shock, anesthesia, pieoperative management of the suigical patient, post- 
opeiative nianagement , the cianiuni, the eyelid, the amide, the maxillofacial 
legion, the lip, cleft lip and cleft palate, the mandible, the salivaiy glands, 
surgical affections of the skin, and a chapter on plaster encasements and 
prosthesis 

The chaptei on the nose is most featuied It desciibes various nasal 
opeiations which aie clearly explained and illustiated in detail by excellent 
diawings, fiom the pieopeiative measui enients of the ideal nose to the cor- 
lection of eveiy common type of congenital or acquired nasal deformity 
The chapter includes diseases of the nose, and follows thiough with the post- 
opei ative ti eatinent 

The bibliographies at the end of each chapter and the index aie ex- 
haustive, piactical and complete To the specialist, the geneial piactitionei 
or the postgiaduate student, the book is an excellent refeience because the 
entile range of plastic surgery of the head has been covered 

Morton I Berson 


Tumors or the Skin-Benign and Malignant By Joseph Joidan 

Eller, M D Octavo, 607 pages Illustiated Philadelphia Lea & Febiger 
1939 s . 


This book by Dr Joseph Jordan Eller will be of the greatest use to 
the piacticing suigeon Apart from the manifold advantages of finding 
m one volume a comprehensive and profusely illustrated text, his succinct 
and very intelligible modes and methods of treatment are so clearly expressed 
that the book can be easily understood by every practitioner of medicine 
The book shows the greatest care both in presentation and its admirable 
daiity and also in the extensive reseaicb which must have been entailed 
The chapter on Plastic Surgery is of especial interest to the general surgeon 
and It is a refreshing experience to find in one volume such a wealth of 
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infoimation Especially do I like his arrangement of the various types of 
tumor, fiom the simple keloid to the malignant growth, and the very clear 
way in which he has classified the types and the diffeient methods of treat- 
ment advocated by the most authoritative specialists of the world To find 
in one comprehensive volume such a wealth of information is a boon to the 
doctor who, of necessity, has to spend so much time in research 

The illustiations are excellently executed, and the photographic reproduc- 
tions clear The bibhogiaphy is profuse and encourages research This 
book should be m the library of not only the dermatologist, but of every 
piactitionei of medicine and suigery 

Bertram C Eskell 
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PATHOLOGIC CLASSIFICATION, WITH SURGICAL 
CONSIDERATION, OF INTRASPINAL TUMORS 

Theodore B Rasmussen, MD 

fellow in neurology, the mavo foundation 

c James W Kernohan, MD 

SECTION ON PATHOLOGIC AN^TOM'l 

AND 

Alfred W Adson, MD 

SECTION ON NEUROLOGIC SURGERl 

The ]\Iaio Clinic, Rochester, Minn 

A REVIEW of a laige senes of iiitiaspinal lesions foi which operations were 
perfoinied at the Mayo Clinic reveals a preponderance of benign tumois which 
Aveie opeiable The earlier mtraspinal tumors are recognized, the less will he 
the damaging effects on the spinal cord and the more complete rvill be the i e- 
coveiy of the patient when the pressure has been relieved by the removal of 
the tumoi 

The factois responsible foi the development of tumors of the meninges, 
nerve roots, blood vessels and the spinal cord are similar to those responsible 
foi the development of tumois elsewhere They occui most fiequently in the 
third, fouith and fifth decades of life, but may occur among children or 
among elderly patients Trauma may be a predisposing factor to the develop- 
ment of osteomata, sarcomata, foreign body giant cell tumors and fibromata 
Tiauma is also responsible for the lupture of the intervertebral disks with 
pi otrusion of the nucleus pulposus into the spinal canal Although the lesion 
undei consideiation may produce symptoms similai to those of caudal tumors, 
it IS not a tiue neoplasm Trauma and chronic infection may give rise to 
liypeiti opine arthritis and osteitis, both of which aie capable of producing 
1 adiculitis and slowly progressive myelitis simulating the symptoms of intra- 
spmal tumoi Pinnaiy malignant tumors of the osseous system, as well as 
metastatic lesions, are rarely considered surgical lesions, although a number 
of patients having such tumors have been surgically explored when it was not 
possible to make a preoperative differential diagnosis Hemangiomata of the 
vertebrae, Paget's disease of the spinal column and Potts’ disease of the verte- 
biae frequently pioduce involvement of the nerve roots and spinal cord, but 
ai e rarel}’- benefited by surgical intervention 

Sywptovis — Tumois which arise from the tissues surrounding the spinal 
cord have been designated as “extramedullary,” m contrast to those which 
aiisc m the coid itself, Mhich have been called “intrame dullary ” Oppenheim 

*Read before the meeting of the International Cancer Congress, Atlantic Citi 
New Jersei, September 14, 1939 Submitted for publication October 16, 1939 
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and Fiazier have divided the symptoms of extiamedullaiy tumors into three 
phases The fiist phase is that of involvement of nerve roots the second, 
that of beginning compression of the spinal cord, and the third, that of ex- 
tieme compression of the spinal cord, producing the clinical picture of trans- 
veise section of the cord 

The outstanding symptom of involvement of nerve roots is pain, which is 
usually charactei istic and pathognomonic It may precede any other symp- 
toms by months oi years , it may be constant or intermittent, persist m a 
localized legioii, and ladiate ovei the involved nerves It is usually lancinat- 
ing, and IS aggiavated by coughing, sneezing, lifting and straining at stool, 
and it invariably awakens the patient from fotii to six hours after he has re- 
tiied It often becomes so severe as to compel him to walk' the floor or lO 
sleep in a sitting position The mechanism that produces this pain apparently 
is the ball-valve action of the tumor, which is foiced downward by the in- 
ci eased pressuie of cerebrospinal fluid above it, thus producing traction di- 
lectly 01 indiiectly on the nerve loots Unfortunately, many of the patients 
aie tieated foi neuiitis, muscular rheumatism, or syphilis, and some have 
been thought to have had hysteria The importance of recognizing or sus- 
pecting the fiist, oi painful, phase in the development of tumors of the spinal 
cold W'as emphasized in a lecent survey by Qaig,^^ m wdiich lo pei cent of 
the patients who had loot pain had been operated upon foi some thoracic oi 
abdominal lesion othei than an intiaspmal tumoi 

The symptoms which develop in the second symptomatologic phase, the 
phase of beginning compiession of the spinal cord, diffei from those of the 
fiist phase in that neuiologic evidence of compression of the coid now becomes 
evident The symptoms may develop simultaneously wnth the existence of 
pain,^^ or the)’’ may develop without pain in a small percentage of cases If 
the tumor is situated anterolaterally, the symptoms wull progress and produce 
the Brown-Sequard syndrome, a hoinolateial paralysis of the muscles below’ 
the level of the lesion, wuth impairment of tactile and deep sensibilities on the 
same side, togethei with loss or diminution of pain and temperatuie on the 
opposite side If the posterior columns of the cord are the fiist to be com- 
pressed by the tumor, the deep sensibility is decreased and ataxia appears 
Sensoiy disturbances resulting from compression of the cord are gradual in 
onset, and progress upw’ard to a transvei se level corresponding to the segment 
of the cord that is compressed At the lower end of the spinal cord other 
difficulties may be encountered The relative shortening of the cord incident 
to growth, and the emergence of the roots through the anterior foramina of 
the sacrum often make it extremely difficult to determine whether there is a 
tumor of the conus medullaris, of the cauda equina, or of the sacrum The 
objective findings may be the same In this group studies with radiopaque 
oil are valuable in localizing and differentiating the lesion Paralysis below 
the level of the tumor comprises the thud symptomatologic phase, and is 
caused by extreme compression of the cord The paralysis is usually com- 
plete, sensory functions are entirely lost, trophic disturbances are present, and 
there is definite loss of control of both vesical and rectal sphincters 
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Intramedullary tumois rarely produce pain, but pass directly into the sec- 
ond symptomatologic phase The sensory and motor disturbances are pro- 
gressive until a definite transverse level becomes evident The upper sensory 
level IS less distinct than that produced by extramedullary tumors Increased 
reflexes and loss of vesical and rectal control appear early in the symptom- 
complex 

Exaimnation — ^The symptoms which play important parts in the diagno- 
sis of intraspinal lesions emphasize the necessity of a comprehensive history in 
all cases Following the taking and recording of the history, a detailed gen- 
eral, as well as a neurologic, examination is necessary These examinations 
should include such special features as spinal puncture, Queckenstedt studies, 
and roentgenograms of the spinal column, with or without the introduction of 
iodized oil 

Ncwologic E \ammatiou — In the case in which tumor of the spinal cord is 
suspected there is no investig<vtion so important as complete neurologic exam- 
ination The information elicited by a detailed testing of reflexes, muscular 
strength, muscular tonus, sensory acuity, gait, coordination, and balance tends 
to distinguish between degenerative diseases and compiession of the cord 

Spinal Puncture — This examination is very important, because it reveals 
information conceinmg the physical properties and the hydrodynamic prop- 
erties of the spinal fluid,® and allows its chemical leactions to be determined^ 
The puncture is usually performed at the fourth lumbar interspace, and before 
any fluid is lemoved the intraspinal pressure is estimated by means of Ayer’s 
watei manometer, which normally registers between 12 and 15 cm As soon 
as the pressuie has been estimated, Queckenstedt’s test is made This con- 
sists of leading and studying the rate of rise of the cerebrospinal fluid m the 
manometer following compression of both internal jugular veins Sudden 
rise and rapid fall of the fluid on compression of both internal jugular veins 
indicate free flow of ceiebiospinal fluid within the subarachnoid space Slow 
use and fall of fluid 01 its failure to rise on compression of the jugular veins 
suggests partial 01 complete intraspinal block 

Inabilit} to obtain fluid at the fourth lumbar interspace may signify that 
the tip of the needle has failed to enter the subarachnoid space, that fluid is 
absent, or that there is a tumoi at this level Puncture should be made at 
anothei level, and it may be necessary to make multiple punctures Occa- 
sional!}. it IS necessaiy to combine cisternal puncture with lumbar puncture 
Spinal block if it results fiom tumor, frequently causes an increase in the 
concentration of globulin 111 the cerelirospmal fluid below the tumor The 
fluid mav also be xanthochromic^" (Froin’s syndrome-^) The shade of yel- 
low inav \ury and occasionally the fluid above a block is decidedly yellow^ 
Tlic cell count is usually normal, but pleoc) tosis may occur if the tumor is 
situated in the spinal canal below the conus medullaris This may help m dis- 
tinguishing neoplasms from inflammatory lesions 

The piesence of partial or total subarachnoid block is not pathognomonic 
of mtiaspmal tumor, since prerious attacks of meningitis, acute myelitis, in- 
juries to the rertebrae. or spinal defonnities are all capable of interfering 
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with the fiee flow of cerebrospinal fluid It is, however, appaient that the 
finding of partial or total block is extremely valuable in diagnosis when the 
block IS accompanied by a history of root pain, and with a negative history of 
inflammation or trauma of the spinal cord 

Roentgenog) apluc Exaimnatwn — Roentgenogiams should be made of an- 
teropostenor and lateral aspects of the vertebial column ^2 These should be 
supplemented by steieoscopic and oblique views, localized at the level where, 
on clinical giounds, a tumor has been suspected According to Camp and 
Adson,^® evidence of eiosion of the vertebral pedicles, laminae, and lateial 
and spinous processes caused by pressure usually is discernible before such 
erosion is evident in the body of the vertebiae In general, roentgenologic 
evidence of changes resulting from tumors of the spinal cord consists of shad- 
ows indicative of erosion secondary to direct pressure, invasion by the tuinoi. 


LOCATION OF 557 CLASSIFIED INTRA5PINAL, NLOPLASnS 

TO JAN 1, 1939 



Fig I — Location of 557 classified intraspinal neoplasms, to January i, i939 


clesti action caused by benign or malignant tumoi of the bone, metastatic dis- 
eases and hyperostosis ® 

''Study with Radiopaque Oil — In addition to the loentgenologic evidence 
of tumors which is apparent in routine examination of the spinal column, 
fluoioscoj^ic and i oentgenographic study by the use of radiopaque oil has fur- 
nished much additional information in diagnosis and localization of intiaspmal 
tumors Injection of 5 cc of iodized oil into the subaiachnoid space, either 
thiough cisteinal punctuie or lumbar punctuie, allows visualization under the 
fluoroscope of the patency or lack of patency of the subaiachnoid space 
Fluoroscopic examination of the slowly moving oil is supeiior to examination 
of a 1 oentgenogiam, since the loentgenologist often sees the diveision of the 
curient of oil around the tumor However, roentgenograms should be made 
for confirmation of the levels wheie tumors are suspected to be Intrame u 
lary tumors are identified by division of the oil into two currents, one on eac 1 
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side of the cord Use of the heavier oils avoids their ascent into the cisterns 
and ventricles Because introduction of these oils invariably produces irri- 
tation of the meninges, and occasionally radiculitis, they should be used onl} 
to localize tumors definitely Aftei the oil has been injected the patient should 

CLASSIFICATION OF 557 INTOASPINAL liEOPLASIIS 
Neurol ibronas - 163 cases - 29^ 

lleningiomas - 140 cases - 25 ^ 


Intramedullary tumors - 64 cases - 11«5^ 


Sarcomas^ etc, - 55 cases - 10^ 


Extramedullary hemangioendotheliomas, etc. - 47 cases - 5.5^ 


Extramedullary ependymomas (filum) - 32 cases - 6^ 


Chordomas - 23 cases - 


Miscellaneous extramedullary tumors - 33 cases - 65 


GKKERAL DISTRIBUTIOH OP 557 
CLASSIPISD INTRASPINAL NEOPLASMS 


Fig 2 — Classification of 557 intraspinal neoplasms 

be placed prone on the fluoroscopic table, and the flow of oil should be ob- 
ser^ ed w hen he is tilted m various positions, from horizontal to perpendicular 
Experience w ith the use of radiopaque oil 
in the diagnosis of tumor of the spinal 
cord has indicated that oil should be used 
infrequently only when tumors are sus- 
pected, and that the oil should be removed 
at operation w henever possible The pres- 
ence of extramedullary tumors usuall}' is 
indicated b\ definite arrest of tlie flow of 
hpiodol If there is no tumor or com- 
pression of the cord the oil descends and 
remains permanent!}' in the sacral cul- 
de-sac ”®- 

PafJioIogic Considei atwns — ^Up to 
Januar} i, 1939, there had been per- 
formed at the ]Ma}0 Clinic operations 
557 verified intraspinal neoplasms 
(Fig i) These lesions ha^e been classified pathologically and grouped ac- 
cording to situation (Figs 2 and 3) It is apparent that the distribution of 
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cervical 

- 100 cases - 18j5 

m 

Thoracic 

- 504 cases - 54jf 


Lunbar • 

117 cases - 21^5 


Sacral » 

55 cases - 7jf 


Multiple 

levels - 1 case 


•General distribution of 557 classified 
intraspinal neoplasms 
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these tuinois with reference to the spinal axis has no predilection for any one 
region 

Newofibiomata constitute the largest single group (Fig 4) Memngio- 
mata compose the second largest group, and their primaiy distribution in the 
thoiacic region is shown in Figuie 5 Inti amednUai y Tnmois The vaiious 

LOCATION AND DISTRIBUTION OF 163 NEUROFIBROMAS 



Cervical - 35 cases - 22^ 

Thoracic - 70 cases - 43^ 


Intradural - 109 cases - 6756 


Lwabar - 55 cases - 33 5^ 
Sacral - 2 cases - 1% 


Intra and extradural - 27 cases - 16 



Bxtradural - 27 cases « 16 5% 



?iultiple levels - 1 case - 0 5^ 

Fig 4 — Location and distribution of 163 iieurofibroimtT 


LOCATION AND DISTRIBUTION OF 140 /lEMNGlOJUS 
Cervical - 23 cases - 16 5^ 


Cervical - 23 cases - 


JH Thoracic - 115 cases - 82^ 


Intradural • 130 cases - 9356 


Lwnbar - 2 cases 


1 5% 


Tntra and extradural - 10 cases - 756 


Sacral 


Fig 5 — Location and distribution of 140 meningiomata 


t)'’pes of tumors repiesented m the group of 64 classified intramedullary tu- 
mors^ are best illustrated by lefening to Table I, and their situation is illus- 
trated in Figure 6 The ependymomata 
are fairly evenly distributed throughout 
the spinal cord (Fig 7) Half of them 
arise fiom the spinal cord proper and the 
remaining half from the filum terminale ® 
Vasculai tnmois form a group including 
the hemangio-endotheliomata and heman- 
giomata, and their distribution and situa- 
tion are illustrated in Figure 8 Choi - 
doinata, as previously stated, may be situ- 
ated in any poition of the spinal column, 
but they have a predilection for the sacral 
legion (Fig 9) Saicomata, under the 

f_D. 5 tnbut.on of 64 class.fied .ntra heading “sarcomas,” are included in a 

miscellaneous group of 55 sarcomatous 
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Cervical - 19 cases - 30^ 


Thoracic - 39 cases - 61^ 


Lumbar - 6 cases - 9% 


Sacral 


Fig 6 - 


meduUarj tumors 
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lesions consisting of lymphosarcomata, myelosarcomata, giant cell sarcomata, 
Hodgkin’s disease, osteogenic sarcomata, etc Eleven per cent are situated 
in the cervical region, 56 per cent m the thoracic region, 22 per cent in the 
lumbar region, and ii per cent m the sacral region Ninety-one per cent 


LOCATION AND DISTKIBUTION OF 65 EPENDYiMO?IAS 



Cervical - 6 cases - 9 ^ 


Thoracic - 26 cases - 40^ 


Lumbar - 29 cases - 45^ 
Sacral - 4 cases - 6^ 


Intramedullary - 33 cases - 51^ 



Intradural 27 cases - 41^ 
(from intradural portion of 



f 1 lum) 


Intra and extradural •• 3 cases - 5^ 
(from intradural portion of fi Itun) 

I 

Extradural - 2 cases - 3^ 

(from extradural portion of filum) 

I 


Fig 7 — Location and distribution of 65 ependjmomata 


LOCATION AND DISTRIBUTION OF 52 BLOOD VESSEL TUTORS 


& 

flc Cervical - 10 cases - 19 % 

Thoracic - 33 cases - 64 % 


Intramedullary - 5 cases - 1056 

■ 

Intradural and extramedullary - 19 cases - 3656 
Extradural - 28 cases - 54 % 


Lumbar - 9 cases - 1756 
Sacra 1 

Fir 8 — Location and distribution of 52 blood \essel tumois 


Table I 


CLASSIFICATION OF 64 INTRAMEDLLLAR\ NEOPLASMS 


Tumor 

Ependymoma and epend 3 TOoblastoma 
Astroc^’^toma and spongioblastoma polare 
Oligodendroglioma and oligodendroblastoma 
Spongioblastoma multiforme 
Medulloblastoma 

Ganglioneuroma and neuroblastoma 

Hemangio-endotheliomata, etc 

Melano-epithelioma 

Fibrolipoma 

Neurofibroma 


Number 

Per Cent 

33 

51 0 

10 

15 5 

3 

5 0 

3 

5 0 

3 

5 0 

2 

3 0 

5 

7 5 

3 

5 0 

I 

^ 5 

I 

I 5 

64 

100 0 


Total 
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weie situated extiadurally, 5 per cent were intradural and extradural, and 4 
per cent were intradural and extramedullaiy 

Miscellaneous Exhaniedullaiy Twnots — Included in this group were six 
astrocytomata, one spongioblastoma multiforme, two ganglioneuromata, 25 six 
chondromata, two osteomata, thiee lipomata, two fibromata, two dermoids 
and one teratoma 

LOCATION AND DISTRIBUTION OF 23 CHORDOMAS 
Ccrvtcal - 3 cases - 135^ 

Thoracic - 2 cases - 9% 


Lumbar * 1 case - A% 

Sacral - 17 cases - 74^ 

Fig 9 — Location and distribution of 23 chordomata 



Infra and extradural - 2 cases • 9^ 

I 

Exiradural - 21 caaes - 91^ 



LOCATION OF 377 NON-NEOPLASTIC INTRASPINAL MASS LESIONS 

TO JAN 1 1939 



In addition to the described verified intraspinal tumors, there were 468 
additional intiaspmal lesions which produced irritation or compression on the 
nerve roots or the spinal cord, suggesting, clinically, the possible existence of 
an intraspinal tumor or compression of the neive roots and spinal cord by a 
nonneoplastic lesion (Fig 10) Of the 468 lesions there weie 64 intramedul- 
lary lesions, piesumably tumors or cysts of the spinal cord, which were not 
identified by biopsy There were 29 additional, unclassified lesions situated 
within tire spinal canal The tissue removed to date has not been pathologi- 
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cally classified In this same gioup of 468 cases, tlieie were 377 nonneoplastic 
lesions, which includes protruded intervertebral disks, osseous compression 
of the roots and spinal cord and suppurative lesions (abscesses) within the 
spinal canal 

Sm gical Constdei ahon — The technic of a laminectomy has become stand- 
aidized and, theiefore, a detailed description is unnecessaiy The anes- 
thetic method we have found most suitable, after employing a variety of them, 
IS that in which the ethei is diopped onto an open mask which is held over a 
Magill mtiatracheal tube Tbe mtiatiacheal tube is introduced as soon as the 
patient has been anesthetized with nitious oxide and ether In proceeding 
with a laminectomy one should make suie of the localization of the lesion, and 
bear in mind that unless the lesion has been localized by a 1 oentgenogram the 
cord levels aie situated above the coi responding osseous segments A sub- 
periosteal elevation of the peiiosteum and muscles will result in less bleeding 
than a lateral 1 eflection of the ei ectoi spmae muscles by sharp dissection Ex- 
tieme care should be taken m lemoving the laminae from the tumor, m order 
to avoid additional tiauma to the coid The suigeon should also have in mind 
that dural pulsations will be detected aliove the tumoi but will be absent below 
it, since this observation will direct him 111 extending the laminectomy in the 
proper dnection in ordei to expose and remove the growth properly Lami- 
nectomies pel formed in the thoiacic and lumbar regions usually consist of le- 
moving both laminae and the spinous processes of f i om two to tin ee vertebrae 
However, it fiequently becomes necessaiy to extend the laminectomy foi 
longer distances when removing ependymomata of the filum tei niinale or neu- 
lofibromata of the caudal fibeis The tips of the spines, in immediate appioxi- 
mation above and below the site of laminectomy, aie also lemoved in older to 
eliminate any boii}'^ piominences 

Hemilaminectomy is definitely indicated in lemoving lesions of the cei- 
vical portion of the coid, since bilateial laminectomy with leinoval of the 
spines may give rise to a slipping foi wai d of the cervical vertebrae, one upon 
the othei, and the entire cervical gioup upon the first thoracic vertebia 
When It does become necessary to perform bilateral cervical laminectomy, 
extreme care should be exercised in closing the incision so that the cut edges 
of the ligamentuni nuchae will be accurately approximated When slipping 
occurs, the patient will exhibit piogressive signs of a lesion of the transverse 
portion of the cord Lateral roentgenogiams vill quickly confirm the suspi- 
cion It then becomes necessaiy to place the patient m bed on his back with 
extension applied to the head As soon as the symptoms subside, a cancellous 
bone graft taken fiom the ciest of the ihum should be inserted along the 
fieshened bone edges of a pievious laminectomy » The graft should be ex- 
tended foi a distance of one to two laminae above and below the site of the 
foiiner laminectomy Giafts should be placed well lateially to avoid pressure 
on the spinal cord In a few instances m which the laminectomy has included 
the atlas and axis, the giaft is brought m contact wuth the occipital bone 
This same proceduie has been employed to lelieve the pressure on the uppei 
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pait of the ceivical poition of the cord when an anterior slipping of the atlas 
on the axis has taken place following fractiiie or destruction of the odontoid 
process of the axis 

New ofibi oniata — Since neui ofibromata may arise from the nerve roots 
within the dura, fiom the loots as they penetrate the dura, or from the periph- 
eral neive just lateial to the dura, it will he found that these lesions may 
be situated wholly within the spinal canal, mtradurally or partly within the 
dura, and partly outside of the dura, or they may be situated extradurally 
with an enlaigement and a protiusion into the mtervertebial foramen, or 
they may present the typical dumb-bell appearance, with one portion within 
the spinal canal just described, with a similai projection beyond the mter- 
vertebial foramen Neurofibromata situated in the spinal canal, even though 
they have eioded the bone around the intervertebral foramen, usually can be 
lemoved during a one-stage opeiation Those which are dumb-bell tumors 
and are situated m the ceivical legion of the canal are more effectively re- 
moved thiough two separate incisions, and the extraspmal portion of such a 
tumor is lemoved fiist thiough a lateial cervical incision This incision is 
closed and is then followed by laminectomy, frequently hemilaminectomy, 
thiough which the mtraspinal poition is lemoved 

Many of these so-called dumb-bell tumois involve the thoracic nerves, and 
the extraspinal projection may vary m size from a small nodule to a tremen- 
dous mass the size of a baby’s head It is not infrequent for the thoracic 
poi tion not only to ei ode the bone around the intervertebral foramen, but also 
to eiode the pedicles, tiansveise processes of the vertebrae, and portions of 
1 lbs The ei osion produced by a neui ofibroma is similar to that produced by 
a meningioma, since it lesults m smooth ei osion and not m the irregular, 
lagged type of destruction so charactei istically produced by metastatic tu- 
mors When a malignant change takes place m a neurofibroma, the bony 
invasion and destruction resembles that of a primaiy malignant lesion and 
lecunence is almost sure to take place even though a radical removal has 
been performed 

Since both laminectomy and thoracotomy are major operations, it has 
been our practice to perfoim laminectomy and remove the mtraspinal portion 
of the tumor fiist and wait foi the patient thoroughly to convalesce from the 
fiist operation before pei forming the second This period of waiting usually 
extends over a month or two There is one precaution that the thoracic sur- 
geon has to consider and that is to effect complete hemostasis following the 
removal of the mtrathoracic portion of the neurofibroma Moreover, he 
must be especially cautious not to apply foiceps or to introduce packs along 
the spinal column where the defect exists, a procedure which might cause 
trauma to the cord We have found it advantageous at the Clinic for both 
the neuiologic and thoiacic suigeons to assume joint responsibility^'’ in order 
that one may understand the objectives of the other and observe what has 
been done so that the strength of the patient may be evaluated before the 
second stage of the operation is begun 
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Most neurofibromata within the spinal canal have a tendency to degen- 
eiate and become cystic, and in a number of instances, in the lumbar region, 
the neurofibromata have been known to grow to considerable size, eroding 
laminae, pedicles and bodies of the vertebiae without producing signs of 
complete paraplegia On visualizing these cystic tumois, it is observed that 
the duia and extiaduial fat have become atiophic, that the lining of the cyst 
and the dura aie almost insepaiable, and that a punctuie of the cyst has re- 
sulted in escape of the yellow fluid and collapse of the wall of the tumor, mak- 
ing It lathei difficult for the suigeon to identify the lesion, but, on further 
observation, it is usually found that the loot is involved and also the remain- 
ing nubbin of tuinoious tissue Neurofibromata involving the loots of 
the spinal coid aie usually singulai, but occasionally may be multiple and 
may be pait of von Recklinghausen’s disease 

Menmgiomata — Meningiomata, fibi oblastomata oiiginatmg fiom the 
aiachnoid, may be situated m an} poition of the spinal canal and be located 
ill any part of the circuinfei ence of the canal about the coid, pioducmg pies- 
suie at the point of oiigm The most common site of oiigm of such a lesion 
IS about a neive root, but not oiiginatmg fiom it The meningeal attachment 
IS usually rather limited, although the tumor may grow m all dnections with- 
out becoming attached to the cord Occasionally, the meningioma is sessile 
in type, instead of being rounded oi oval in shape When the tumor is sessile 
it involves a laige poition of the duia sunounding the coid Usually it is 
possible to lemove the tumor mass ^n toto, but in doing so it is necessaiy to 
remove a poition of the aiachnoid and dura, since they are intimately attached 
at the site of oiigm If the surgeon fails to do this, recuirence will develop 
Hemostasis is most effectively accomplished during the leinoval of the tuinoi 
iiy applying electrocoagulation to the base of the tuinoi extiaduially Caie 
must be taken not to oveiheat the tumor, since this could result in impair- 
ment of the cn dilation of the cord In a few instances, m which the tumor is 
situated anteiioi to the coid, it may become necessaiy to remove the tuinoi 
by the piecemeal method m oidei to avoid undue ti action or pressure on the 
spinal cord 

Following the removal of menmgiomata and neurofibi omata, the surgeon 
frequently observes marked indentations of the coid These indentations may 
have compiessed the cord to less than half its normal size, but we have also 
obseived that even though the indentation has markedly flattened the cord, 
complete recoveiy of the patient will take place if the blood supply of the 
cord has not been destroyed^ The giadual growth of the tumor will have 
pioduced destruction and absorption of the myelin before destruction of the 
axis cylinder, results which explain why recovery takes place As a rule, 
it is not necessaiy to attempt repair of duial defects lesulting from the 
necessary removal of small poitions of the duia with the attached tumor, if 
the suigeon is careful to maintain absolute hemostasis We frequently cover 
the defect with a poition of animal membrane (piepared peritoneum of the 
ox) to prevent the entiance of blood into the arachnoid or subdural spaces 
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This same lule applies to dmal defects resulting from the lemoval of othei 
tumors that aie adheient to the duia 

Int) ameduUa) y '] nmo) <; — The suigical consideiation of mtiamedullary 
tumois IS almost the same foi the entiie gioup of lesions, even though they 
may vaiy in then pathologic classification Most of them are gliomatous in 
oiigin The laigest gioup is the epend3'momata These tumors originate 
fiom the epend3anal cells lining the cential canal Several hemangio-endo- 
thehomata have been found to be situated within the cord , one large intra- 
medullaiy lipoma and one neuiofibioma were found to have invaded the coid 
foi an unusually long distance Unless C3'stic degeneiation has taken place 
m 01 about the tumoi, the suigical appioach is the same foi all intiamedul- 
lai3'^ tumois Cysts are leadily emptied, as is also the C3fstic cavity of a S3r]n- 
gom3’’eha, and occasionally the suigeon is able to maintain constant diainage 
oi pievention of filling b3’’ resection of the wall of the cyst, if it is possible to 
appioach the C3^st thiough the dorsal midline of the coid The introduction 
of a small strip of folded gutta-percha held m place by a silk ligature has 
also been useful in the pievention of lefilhng of the cyst 

It IS impossible completel3' to lemove gliomatous lesions of the cord, since 
theie IS no line of demai cation permitting enucleation A heioic attempt at 
removal is more likel3'^ to inciease the symptoms of paiaplegia than it is to 
reduce those aheady piesent When such a condition does exist, it has been 
leained that a longitudinal section of the coid, extended into the mass of the 
tumoi foi its entire length, has pioved to be of value in allowing the tumor 
slowl3'^ to extiude itself and thus relieve piessure on the nonmvolved neive 
tracts Hemangio-endotheliomata frequentl3f can be removed by exposing 
them thiough a longitudinal incision of the coid, beaiing m mind the fact that 
a doisal midline incision without mjuiy to the dorsal aitei3’^ pioduces less 
motoi disturbance than do lateial oi anteiioi incisions Although most intia- 
medullai3'’ tumois aie elongated masses which inciease the size of the cord so 
that it has the appeal ance of a sausage, ependymomata of the spinal cord 
proper are found to be the longest of the gioup Since they are fairly well 
ciicumscnbed, although not definite^ encapsulated, they do lend themselves 
to radical lemoval 

Ependynioinata of the Fduui — Ependymomata originating within the 
filum, or even as high as the tip of the conus medullaiis, represent a rather 
interesting group of tumois, since they ma3'^ grow to considerable size, filling 
the lumbar and sacial canals before they produce paraplegia These tumois 
aie not encapsulated, but they are sui rounded by pia mater The3'’ produce 
marked erosion of the bone without invading it, grow m between the nerve 
loots of the cauda equina, increase the size of the lumbosacral canal, ma3' 
enlarge the intervertebral foramen, and grow into the soft tissues of the back 
— but they apparently do not metastasize The surgical problem that faces 
one, then, is to perfoim extensive laminectomy in order thoroughly to un- 
cover the tumor, and then to proceed with careful dissection and removal 
of the tumor without impairing the blood supply or damaging the nerve roots 
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Complete removal will result in a cure , failure to do so will result m recur- 
rence 

Vascnlai Tumois — ^Under the heading of “vascular tumors” we include 
hemangiomata and hemangio-endotlieliomata These may be situated extra- 
durally, subdurally (but extramedullary), and intramedullary They are us- 
ually benign and are fairly well encapsulated, but they are extremely vasculai 
The extradural lesions are flattened, elongated masses, whereas the mtia- 
dural lesions are usually oval m appearance The vascular tumors are usually 
operable, but extreme care is necessary m removing the tumor m order to 
avoid injury to the blood supply of the spinal cord In addition to the typical 
vascular tumor, we have encounteied several vasculai lesions which would 
have to be classified as “varicosities of the cord” and “ai teriovenous fistulae ” 
In these instances, the task of the surgeon is to reduce the varicose mass m 
size by ligation and resection and by the employment of electrocoagulation, 
he should bear m mind, however, that the blood supply of the spinal cord itself 
or of the neive roots must not be injured 

Cho) domafa — Chordomata oiigmate fiom the notochord, and although 
their site of predilection is the saci um, and the clivus blumenbachii, they may 
oiigmate in other poitions of the spinal column These tumors erode and 
invade the bony structure and fill the spinal canal, producing compression 
and destruction of the neive loot and the spinal cord They are primary 
malignant tumois, but since their growth is slow and is accompanied by pam, 
the surgeon is fiequently justified m attempting radical removal Although 
situated m the sacrum, these tumors produce an explosive type of enlarge- 
ment, that IS, an eiosion with an invasion of the bone and elevation of isolated 
fragments of bone on the periphery of the tumor Following ladical resec- 
tion of these tumois, i oentgenothei apy appeals to offer additional relief in 
controlling the growth of the tumor and in letaiding the process of recur- 
rence 

Bony Lesions Which Piodnce Conipi ession of the Coid — Hemangiomata 
of the vertebrae result in osteopoiosis and flattening of the body with com- 
pression of the cord Occasionally, unilateral laminectomy, acting as decom- 
pression, offeis some lelief, but if such a proceduie is employed, a cancellous 
bone graft should be nisei ted along the unopeiated side 

Neuiologic symptoms accompanying tubciculous involvement m the body 
of the veitebrae are usually lelieied by placing the patient m hyperextension 
on a specially adapted fiame As the symptoms subside, the orthopedic sur- 
geon usually inseits a bone graft as an additional suppoit to prevent a collapse 
of the body of the veitebrae However, if the neuiologic symptoms fail to 
improve aftei hypei extension, the suigeon is justified in carrying out hemi- 
laminectomy for decompressive purposes Usually there is found an increased 
amount of gianulation tissue wnthm the extraduial fat Although removal 
of such tissue may be justifiable, extieme care should be taken to avoid an 

injuiy to the duia, since the duia acts as a bairiei to the invading tubeicle 
bacilli 
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Fo! eign-Body Giant Cell Tuiiiois may be recognized by roentgenographic 
observation Since these lesions are benign, they lend themselves to surgi- 
cal treatment which consists of laminectomy and removal by curet of the con- 
tents within the cystic cavity This, m turn, relieves pressure on the meninges 
and spinal cord 

Myelomata — At the onset, spinal myelomata may be single or multiple 
When a single m)'eloma is encounteied, the surgeon is tempted to try radical 
removal in order to decompiess the spinal cord, but the procedure is rarely 
justifiable, since lecunence is sure to take place and other lesions soon follow 
Roentgenothei apy has proved of very little value 

Osteogenic Saicomata — Although usually single at the onset, osteogenic 
sarcomata of the spinal column will recur and metastasize The temporary 
relief obtained by ladical lemoval, in order to decompress the spinal cord, is 
occasionally indicated, especiallj' if osteogenic saicomata involve the laminae 
and spinous processes 

Osteoclwndi omata — These may be benign at the onset but frequently be- 
come malignant, they originate in the intei vertebi al disk and the adjacent 
vertebiae Growth of such a lesion into the spinal canal pioduces symptoms 
similai to those of any extiadural tumor,'*'* a point which emphasizes the fact 
that early lecognition is essential and that a ladical operation should be per- 
foimed even though it becomes necessaiy to insert a bone giaft to suppoit 
the noninvolved poition of the spinal column 

Paget’s Disease — In a numbei of instances, the squashing process of this 
disease pioduces ladiculitis and, occasionally, symptoms of compiession of 
the cord Again, it is doubtful whethei decompression of the cord is indi- 
cated, since the relief obtained is of such temporarj'- nature 

If either liypei ti opine aitliiitis oi osteitis extends into the spinal canal, 
the roots may become involved and the spinal cord compressed, with the 
resulting sjuiiptoms of transveise myelitis If it is possible to determine bv 
neurologic and roentgenographic examination that the process is faiity well 
localized, and if it has been lecogmzed in the eailj'- stages of the disease, it 
is possible to obtain satisfactoiy lesults by means of wide and extensive lami- 
nectomy over the involved portion of the cord Occasionally, it becomes nec- 
essaiy to uni oof the nerve roots as they pass through the intervertebral 
foramina 

Piotiiided Intel vci tebi al Disks — The subject of protiuded intervertebral 
disks has received unusual attention in the last few years,-** due to the 

fact that tumor-like masses can be lecognized by roentgenologic examination 
of the spinal canal by employing ladiopaque oils oi air The finding of 
these masses in patients suffeiing from chronic, recuriing sciatica has led to 
exploiatoiy laminectomies and lemoval of the masses which were producing 
pressuie on the neive loots The relief obtained from the surgical treatment 
of this condition has moie than justified these newei pioceduies in the tieat- 
ment of chronic, lecuinng sciatica when physiothei apeutic measures have 
failed The lesions occur as the result of a tear in the annulus fibrosus, and 
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a rupture of the intervei tebi al disk with an expulsion of a poition or all of 
the nucleus pulposus Although the condition had been lecognized, and occa- 
sionally treated, for a number of years, its impoitance was not emphasized 
until the iiiti oduction of roentgenographic studies made with the aid of radio- 
paque oil These tumor-like masses, the nucleus pulposi, are not neoplastic, 
even though they pioduce symptoms similai to those caused by mtraspmal 
tumois After recognizing the lesion by the aid of the clinical history, neu- 
rologic obseivations and roentgenographic studies, they can be readily re- 
moved thiough hemilaminectomy, removing a portion of one and occasionally 
two laminae at the site of the lesion The ligamentum fiavum has frequently 
been ruptured and hypei trophy has taken place, so that it becomes necessaiy 
to lemove the affected ligamentum fiavum with the piotiuded disk The in- 
volved spinal root is found to be compressed between the protruded poition 
of the nucleus pulposus and the pedicle of the vertebiae opposite the intei- 
veitebral foramen Removal consists of dissecting free the edematous root 
and reti acting the duia towaid the midline, following which the completely 
prolapsed nucleus pulposus may be found to be lying fi ee within the canal and 
can be removed without fuither dissection If the protiusion is incomplete, 
it may be necessary to use a shaip knife oi even a cuiet to remove the par- 
tially dislodged nucleus pulposus The dura is not opened unless radiopaque 
oil has been used, in which event the oil should be thoioughly lemoved before 
closing the incision The protruded masses are usually single, may be mul- 
tiple, and are usually situated lateral to the posterior longitudinal ligament 
They have occasionally been found to be situated m the midline when the 
piotiusion IS situated at the lumbosacral junction When that does occui, 
transdural lemoval may be lequired The largest number of protiusions 
occur in the lumbar and lumbosacial legions, but they may occur in any pait 
of the spinal column The second most common site of occurrence is the 
cervicothoracic i egion 

Hodgkin’s Disease or Echinoeoccus Cysts may enter the spinal canal 
through the intervertebral foiamen, and when they do so they aie found to be 
situated extradurally, producing symptoms lefeiable to the cord by extra- 
duial pressuie Usually, these masses can be removed by means of routine 
laminectomy without opening the dtiia, just as a surgeon would remove an 
extiaduial neoplasm If the lesion is recognized as that of Hodgkin’s disease, 
there being other manifestations, it is wise to employ a course of deep roent- 
genotherapy before resorting to laminectomy On the other hand, if the 
symptoms of paraplegia are veiy pronounced, it may be unwise to defer lami- 
nectomy In some instances, the operation has been pei formed first and then 
the roentgen othei apy has been employed 

Metastatic Lesions of the Spinal Column —Metastatic lesions of the spinal 
column produce symptoms similar to those of mtraspmal tumors except that 
they develop much more lapidly than do benign lesions They occur at a 
later age than the average mtraspmal tumor does, which should make the sur- 
geon extremely careful during examination of the patient to determine, if 

527 



RASMUSSEN, KERNOHAN, AND ADSON Anmisofsurperj 

A pill I 'Mo 

possible, the piesence of a pnmaiy lesion Exploratoiy laminectomy is 
laiely indicated, since lemoval of one metastatic nodule accomplishes so little 
that it IS scarcely justifiable Occasionally, an operation must be performed 
when no pnmaiy lesion has been located, and tlieie is some doubt as to 
whether the lesion is malignant 

Inflammafo] y Lesions, Chionic Radiculitis and Memngomyelitis — These 
are capable of producing symptoms simulating intraspinal tumors, but for- 
tunately, studies of the spinal fluid, of jugular pressure (Queckenstedt test), 
which aie employed to deteimine the presence or absence of an intraspinal 
block, and roentgenographic examinations made with the aid of radiopaque 
oil have made it possible to diffei entiate these lesions from true neoplasms 
It IS obvious that surgical treatment is not indicated m this group of lesions 
Siippiti ative Lesions — Suppuiative lesions, such as extradural and intra- 
medullaiy abscesses, raiely occui and can be differentiated and localized by 
the usual diagnostic methods, taking into consideiation, of course, the fact 
of the accoinpanjung suppuiative infection and the rapidity with which symp- 
toms of compiession oi destruction of the cord result Surgical drainage 
has pioved to be most effective in the treatment of this condition, but if it is 
employed, it should be instituted befoie the symptoms of tiansverse myelitis 
aie complete 

Postopei ative Caie — Following the opeiation, the patient is placed in bed 
in the lateral position on pillows, to avoid undue pressure on the tips of the 
shouldeis and on the hips It is preferable to turn the patient from side to 
side and on the abdomen, lathei than to allow him to he on his back, because 
sweating may result in maceiation of the skin and contamination of the inci- 
sion, and may interfeie with piimarj'^ union The patient, otheiwise, is tieated 
as IS the average suigical patient If urinary incontinence is present, it is 
safer to insert an ind\\elhng cathetei rather than to lepeat catheterization 
daily As an additional piophjdactic measuie, the patient should receive 15 
Gm of sulfanilamide daily The catheter should be changed every four or 
five days, and the bladder irrigated twice daily with an antiseptic solution 
Usually, daily doses of mineial oil combined with milk of magnesia are ad- 
ministeied to pi event distention and fecal impaction In addition, a daily 
enema is necessaiy The patient is kept in bed for two weeks, at the end of 
which pel lod he is permitted to sit in the upright position in bed , he is sub- 
sequently allowed to be taken about in a wheel chair and to walk, if possible 
The usual postoperative course continues for three weeks Phj^siotherapy is 
advised if muscular cramps and motor weakness exist Indwelling catheters 
should be removed permanently when the patient has lecovered sufficient 
control of the bladder to empt}'- it thoioughl)'’ 

Contractures and defensive reflex spasms are corrected and relieved dur- 
ing the period of convalescence by the application of Buck’s extension to the 
feet and legs while the patient is in the reclining position The recoveiy of 
motor, sensoiy, vesical, rectal and sexual functions takes place in the reverse 
order of their previous disappearance 
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CONCLUSIONS 

The frequent occurrence of primary intraspinal tumors, which are usuall} 
benign and opeiable, justifies thorough examination of all patients who com- 
plain of root pain oi of progiessive motoi oi sensory disturbance of the ex- 
tremities The diagnostic methods at our disposal will invariably aftect the 
differential diagnosis Surgical treatment, if it is to be instituted, should be 
employed before the patient becomes paralyzed 
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CERVICAL RIBS AND THE SCALENUS MUSCLE SYNDROME ^ 

Russel Hugo Patterson, MD 
New York, N Y^ 

By a study of comparative anatomy, one is able to tell why ceivical iibs 
occur, to predict any anatomic arrangements such ribs may assume and, by 
further stud)'^ of embryolog}^ to tell why certain ribs produce symptoms ^ 
Theie are certain fish, such as skates and sea-horses, which have no ribs 
(Plate I, Fig i) There are other fish, as the Dipnoi, which have ventral ribs 
incompletely surrounding the body cavity and l3ung just inside the peritoneum 
(Plate I, Fig 2) Still other fish, such as the shaik and the lay, have only 
dorsal or pleural ribs There are a few fish, notably the Ganoidei Polyptei ns, 
which have both vential and dorsal ribs, two pairs of ribs to each vertebia 
(Plate I, Fig 3) These fish, therefore, represent connecting links m the 
evolution of ribs 

The ribs of the Urodela, e g , the salamander, are forked, being attached 
in two places to the vertebrae (Plate I, Fig 4) In humans, one projection of 
this fork becomes the head and the other the tubercle of the 11b 

The first movable iibs are seen in the Aina a, eg , fiogs, as ludimentaiy 
movable stubs attached to the transverse processes of the vertebiae (Plate I, 

Fig 5) 

The ribs of lizards and ciocodiles are the fiist to show both a doisal bony 
part and a sternal cartilaginous part (Plate I, Fig 6) Snakes have no sternum, 
all their ribs being of the “floating” type (Plate I, Fig 7) In birds all the 
libs are ossified from the sternum to the vertebiae (Plate I, Fig 8) In 
mammals the sternal part of the ribs remains cai tilaginous (Plate I, Fig 9) 
There is a wide variation m the number of ribs 111 different animals 
Cervical ribs are often lacking in turtles , they ai e very short m many reptiles , 
and in birds the distal ends of these ribs are bent inwaid to protect the carotid 
arteries ^ Ribs vary in mammals from nine pairs in the bottle-nosed whale to 
24 pairs 111 the two-toed sloth True ribs that reach the sternum vary from 
two pairs in the manatee to ten pairs m the spider monkey 

That the number of ribs in man is slowly decreasing is pioved b}'- the 
following observations In fetal life ribs are tempoiarily present on the 
seventh cervical vertebia and all of the lumbar vetebrae Also, m the human 
embryo rudimentary ribs are attached to the sacral vertebrae Later on, 
these ribs fuse with adjacent transverse processes to foini the lateral masses of 
the sacrum The eleventh and twelfth pairs of iibs aie of the rudimentary 
floating type and fail to reach the sternum Lastly, w^e frequently imd rem- 
nants of ribs m the cervical and lumbar regions It is these evolutionary 

"^Read before the New Y^ork Surgical Society, New York, N Y, April 26, 1939 
Submitted for publication April 6, 1939 
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jGnmants, and in paiticular those of the ceivical legion, with which we aie 
inteiested at this time If these lemnants aie coinpaied to those of the earlier 
foims, a suipiising similaiity is seen Such iibs may lesemble the insignificant 



Pi ATE T —Vertebrae showing: t>pe& of nbs on the basis of comparatue anatomj 
(i) Pish with dorsal and haemal spines but no ribs (2) Fish with ventral or fish 
ribs (3) Fish with pleural and haemal nbs (4) Salamander with short pleural nbs 
which closelv anticipate human ribs (5) Frog with insignificant movable rib tips 
( 6 ) Iguana or lizard with dorsal bony part and cartilaginous ventral part (7) Ribs of 
rattlesnake as pure example of floating nbs (8) Bird nbs solid bone, attached to 
vertebrae and bony breast plate (9) Mammalian ribs with cartilaginous sternal parts 


movable tips seen m fiogs, oi they may at times be completely formed nbs 
with a vertebral and sternal attachment, as found in some of the lower animals 
Lumbar nbs are noimal m gorillas and chimpanzees They are, therefore, 
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called “gorilla ribs,” and a fact not geneiall}^ known is that they occur in man 
more often than do cervical ribs * 

Why human beings get symptoms from cervical ribs, from high fiist ribs 
and fiom hypertrophied scalenus muscles can be well understood if one is 
familial with the embryologic development and the anatomy of the structuies 
about the uppei end of the thoiacic cage 

In the first place, the developing upper extremity demands, oi cai i les with 
It, large blood vessels and at least six spinal neives m the form of the brachial 
plexus In quadrupeds and human embryos these blood vessels and nerves 
along with the ribs come off moi e or less at right angles to, and hang do\\ n- 
ward, as it weie, from the spinal 
column since the lattei is carried 
paiallel to the ground 

When human beings begin to 
assume the upiight position, the 
uppei extremities begin to pull 
downward parallel to the spine 
instead of at right angles to it 
The same is true of all of the 
viscera The brachial plexus and 
subclavian vessels, being on the 
outside of the thoracic cage, thus 
sti addle the first rib and actually 
pi ess sufficiently on the latter to 
the point where, in human anat- 
omy, gi ooves for these struc- 
tures on the first iibs aie always 
described^ (Fig i) If a cervical 
rib IS now introduced, either behind or under the brachial plexus and the 
subclavian vessels, piessuie on these stiuctuies is only increased 

Another factor producing symptoms is the action of the scalenus muscles 
during inspiration ^ The niedius is the largest and strongest In deep 
respiration, this gioup of muscles is in full action, laising the first ribs upward 
along with the sternum If the scaleni are hypei trophied, oi if there is 
already pressure on the biachial plexus and subclavian vessels, either by an 
enlarged first iib or a ceivical rib, symptoms from such pressuie are only 
increased when this group of muscles is m action 

The thoracic cage in quadrupeds and human embryos is broader from 
front to back, whereas, in the human adult the cage is broader from side to 
side This inci eased lateral diameter adds to the pull on the brachial plexus 
and the subclavian vessels as they go out and down the aim 

The clinical aspect of this paper has to do \Mth the study of 31 cases The 
anatomic types of these cases are shown in Plates II and III Actual draw- 

* For the references to comparatn e anatom^ , the author has drawn freelj from 
Herbert Eugene Walter’s^ book 



Fig I — The normal first rib showing ^\ell \Norn 
grooves for the subclaMan vessels on either side o£ the 
scalene tubercle The grooves emphasize the amount of 
pressure caused by the vessels (after Gray) 
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mgs of the roentgenograms weie made because they show the bony anatomy 
moie cleaily than do the films themselves 

It will be seen that they fall into the following broad groups (i) En- 
larged transverse piocesses, usually of the seventh cervical vertebra (2) Bi- 




Plate II — Drawings from roentgenograms of 15 actnal cases Most all possibilities are 
found Enlarged transverse processes, bilateral ribs of the floating t>pe or articulating witn 
the first nb, single ribs either floating or articulating, and rudimentarj nb tips Nos s, 8 
10, 12, 13 and 14 had anterior scalenus sjmptoms Nos 5, 8 and 14 uere operated upon 
with relief of s>mptoms 

lateral nbs of the floating type, or bilateral ribs articulating with the first rib 
(3) Unilateral ribs, either floating or ai ticulating with the first nb (4) 
Rudimentary nb tips, either single or bilateral One case (Plate III, Fig 26 ) 
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showed rudmientan iib tips at the sixth cenical Aertebia and fulh de^ el- 
oped ribs from the se^e^th cervical -vertebra The cases with a single nb. 
w ith or w ithout a riidnnentarv tip on the opposite side, w ere three times more 













PuvTF III — Drnwint:^ from the rocntgerosrrnms of i6 more nctinl Number :;o 

umqut in tint there were rudimtnt‘\r\ M\th ccrMcil nb tip^ niul well de\ eloped se\enth 
eer\ic*xl nb^ This cn^e w*i'' i full term stillbirth 


iieqiient than the cases with bilateial ribs The cases with enlaiged tiaiis- 
-v erse pi ocesses and those w ith bilateral ribs w ere about equal m numbei 

Sixteen of the 31 cases had svmptoms The svmptoms A\ere always le- 
lated to pressure or irritation of some part of the brachial plexus or sub- 
clav lan artery Although the low er ner\ es of the brachial plexus w ere more 
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commonly involved, all of the components of the plexus were m one case or 
anothei affected Sometimes the S3m-iptoms were at the base of the neck, 
again they were about the entii e shoulder, or the upper arm, or the lower arm, 
01 the hand, oi any combination of these The patients’ complaints, in their 
lelative fiequency, weie as follows Pam of varying intensity, tiredness and 
weakness of the extiemity, cramps in the fingers, numbness, tingling or cold- 
ness of the hand, aieas of hyperesthesia, shrinking of some of the muscles of 
the hand , a lump at the base of the neck , tremor of the fingers , discoloration 
of the fingers The symptoms were increased fiom month to month They 
giew worse with the day’s progress Work and exercise accentuated the 
symptoms All of the symptoms were in part relieved by elevation of the 
upper extremity and by i est 

The cases with symptoms will be consideied in two gioups, ten with 
ceivical ribs, and six with enlaiged transverse processes and belonging to the 
so-called scalenus sjmdiome gioup 

Of the ten cases, three had symptoms on the right side, six on the left side, 
and one case had symptoms on both sides In every case the symptoms were 
on the side where the cervical rib was the largei Two cases were male and 
eight were female All the cases were between the ages of 20 and 31 

Seven of the ten 11b cases with symptoms were operated upon The same 
operation was pei formed in each instance The skin incision was made at the 
base of the neck, bisecting the angle formed between the steinomastoid muscle 
and the clavicle The phienic nerve uas isolated, the subclavian artery was 
identified, the scalenus anticus muscle was divided, the brachial plexus was 
identified, the scalenus medius muscle was divided at its upper portion The 
ceivical nb was rongeuied away m small bits and the wound was closed m 
layeis A few points to be emphasized in surgical technic are as follows As 
described in a previous communication,^ we still use the lower half of the 
scalenus medius muscle as a tractor against the biachial plexus We again 
want to emphasize the fact that retraction or even moderate pulling on the 
brachial plexus will pioduce S3'mptoms for months after the operation 
Secondly, we wish to advise that the scalenus anticus muscle be divided one 
to two inches or moie above its first rib attachment, because of the fact that 
the pleura so frec^uently comes up behind this muscle and sometimes a full 
inch above the first rib (Fig 2) It should be noted that with an extra nb 
we have one more intercostal space Avith a probable enlarged pleural cavit3'’ 
We have seen the pleura nicked 01 opened on two occasions In each instance 
the opening was quickly covered with moist cotton and later on by a good 
piece of muscle No harm resulted The “fibious band,” often spoken of, 
has been found in two of our cases (Plate II, Fig 7, and Plate III, Fig 23) 
In one instance, the band extended from the tip of the rudimentar3^ nb down- 
ward and along and continuous Avith the sheath of the scalenus medius muscle 
In the other instance of the “fibrous band,” the latter extended from the tip 
of the nb over to the scalene (Lisfranc’s) tubercle We believe in dividing 
the anterior scalenus, and the middle scalenus muscle, and in rongeunng most 
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of the ceivical nb away \\henevei it is piesent Of the seven opeiated cases, 
SIX aie non s}mptom-fice 

Theie weie six cases with anteiioi scalenus S}ncliome All neie females 
Three had symptoms on the left side and thiee on the light side All of the 
patients neie between the ages of 20 and 30 except one wmman, who w^as 40 




Fig 2 — The trTns\ersc black line is the le\el at which 
we sugKcst duision of the scalene muscles There will be less 
danger of injuring the jiletira which is often one space highei 
in cerMcal nb cases The insert shows the line of the skin 
incis on w Inch bisects the angle formed by the sternocleido 
mastoid muscle and the clavicle (Redrawn from A W 
AdsonS and W C Carroll l^) 

Three of the six cases w^eie opeiated upon The opeiative incision w^as the 
same as that employed foi the ceivical ribs, the anterioi scalenus meiely being 
divided The scalenus muscle m each instance was enoimously hypei- 
trophied, being three or four times its noimal size in two of the cases Of 
the three cases not opeiated upon, the symptoms w^ere not severe enough to 
w^arrant operative interference 

Even wMth a well-developed ceivical nb, a correct diagnosis is frequently 
very difficult to make, and wuthout the cervical 1 ib, the statement is even more 
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true There aie cases, although they arc very raie, where serious interference 
with the ciiculation is evidenced In such cases a diagnosis, as quickly as 
possible, followed by operation, is indicated In all of the rest of the cases, 
if a careful study is not made, useless opeiations may result It may be of 
inteiest to biiefly cite the following cases 

ABBREVIATED CASE REPORTS 

Case I — Tiie patient, a female, age 35, complaining of soreness m tlie right shoulder, 
right side of the neck and pain radiating down the lateral aspect of the whole right arm, 
was found to have a back stiam associated with spina bifida occulta of the seventh cervical 
and the first dorsal vertebrae (Fig 3) 



Fig 3 — Case of sL\entIi ceiNJcal spina Tig 4— Aithrltis of the fifth and sixth cci 

luficia with sjmptoms at first thought to be due mc il \eitcbrae pioducing symptoms \er\ sunihi to 
to the scalenus sjiidronie ce»-\ical r»b Note the absence of the nonnu 

anteiior neck cui\e the diminution in the space 
between the affected \ertebrae, and the mi row mg 
and Imping present 

Case 2 — The patient, a female, age 30 complained of cervicodorsal pains aftei 
woiking for long hours, pain in the right shoulder after sitting m one position for a long 
time, and she felt a bon> mass m the light supracla\iculai legion This patient was 
found to have an enlarged seventh cervical transveise process, spina bifida with stiuctural 
defects of the laminae of the first dorsal vertebra, and a congenital defoimity of the 
scapula 

Case 3 — The patient, a female, age 27, four feet nine inches tall, complained of 
numbness m both arms, cspeciall} the right, wdiich w^as moie maiked at night aftei t\ping 
Roentgenologic examination sliowed marked arthritis betiveen the fifth and sixth cervical 
vertebrae with marked hyjiertrophic changes m the adjacent surfaces of the lertebral 
bodies {Fig 4) 

Case 4 — The patient, a male, age 40, complained of ^*pins and needles’^ from the 
right elbow^ to the ends of his fingers When he tipped his head back, the symptoms were 
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increased His little finger and half of his ring finger felt cold most of the time Ex- 
amination showed him to ha\c an old anterior subluxation of the right shoulder wnth 
pressure on the brachial plexus 

Case 5 — The patient, a female, age 29, known to have rheumatic heart disease 
complained of pain in the left side of the neck, o^er the left shoulder, along the lateral 
aspect of the left arm, and the dorsum of the hand Roentgenologic examination show^ed 
her to lia\c ^c^\ large tians\crsc processes of the seventh cerMcal vertebra It was not 
thought that the symptoms were the lesult of her cardiac condition She was observed 
o\cr a period of one \ear during which time her symptoms disappeared 

Case 6 — 1 he patient a male age 24 complained of pam at the base of the left side 
of his neck and the muscles ot the supenoi and lateral aspects of the shoulder Roent- 
genologic examination of the ccr\Kal spine showed a questionable tuberculous lesion and 



Fig s — Tl IS is C'lce i of PHtt II in the Fig 6* — This is the Htenl mqw of Cnse 4 

later-il \ie\\ shoi\injr the cerMcal nb as a fainth of Plate I The cer\ical rib is seen, the trachea 
white exclamation point shadow bing obItquel> and pleural dome are clearlj shown At opera 
across the se\enth cer\ical \crtebra The pleuia tion the pleura is in constant danger of injur> 

IS seen as an oblong shaded area in front of the 
base of the neck 

treatment, predicated upon sucfi a diagnosis, was being considered wdien further roent- 
genograms, taken elsewhere, show^ed a cervical nb, which w^as found to be responsible for 
the stmptoms 

Case 7 — ^The patient, a female, age 29, developed pain m the left shoulder, par- 
ticular!} m the scapular region She was referred for roentgenologic examination of the 
teeth and chest, and her cer\ical spine w^as not showm in the films Ph> siotherapy treat- 
ment for subdeltoid bursitis was advised The symptoms increased and extended dowm 
the lateral aspect of the shoulder, upper and lower arm, and marked tremor developed in 
the left hand She w^as operated upon elsewdiere, at w^hich time a typical, rudimentary 
se\enth cemcal rib was found on the left side, removal of w’^hich relieved her of all 
s} mptoms 

Any vascular disease, such as Raynaud’s disease oi thrombo-angntis 
obliterans, may produce symptoms of cervical ribs Ray® has recently re- 
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ported a gioup of cases of tumois of the “ape\- of the chest” Symptoms 
from these aie at times not unlike those from cervical ribs Reid'^ reported 
a few cases of cervical rib with symptoms veiy closely simulating those of 
angina pectoris oi coronal y thrombosis, and he called attention to the fact 
that such patients weie likely to be refeiied to the Caidiac Clinic 

In addition to the ordinal y loentgenograms taken, ^ve want to mention 
a few observations not commonly described (i) In the lateral view, the 
cervical rib will frequently be shown as an oblique, faintly white streak lun- 
ning downuaid acioss the body of the seventh cervical vertebia This streak 
sometimes looks like the outline of a calcified tadpole (Fig 5) (2) Also, 

m the lateial view of a patient with a long neck, a dark, oblong shadow may 
fiequently be seen in fiont of the lower cervical vertebrae The center of 
this shado^\ lies bet\\een the lowei ceivical vertebiae and the trachea (Fig 6) 
This lepiesents the pleural cavity 01 lung, and only emphasizes the suggested 
technic of dividing the anteiioi scalenus muscle higher than is geneially 
advised (3) As pieviously suggested by us,^ a ceivical rib is sometimes best 
demonstiated by placing the patient in an oblique position and having him 
take a swallow of a barium meal The rib will be seen at the top of the column 
of barium passing thiough the esophagus 

Discussion — Recently, the impi ession has become rather general that in 
all cases of cervical ribs, symptoms can be entiiely relieved by a simple 
division of the anterioi scalenus muscle The largest numbei of cases so 
tieated has been lepoited in seveial papers from the Mayo Clinic® But in 
the summary of one of the papeis, Ciaig and Knepper® make the following 
statement “In the piesence of a ceivical rib without tendinous attachments 
and without obvious piessuie fiom behind, icsection of the scalenus anticus 
muscle IS all that is necessai}^ but when theie is evident pressure from the 
cervical 11b 01 its tendinous attachment, lesection of the 11b and the attach- 
ment should be earned out” With this statement theie can be very little 
argument 

Cases of anteiioi scalenus syndiome now gieatly oatmimbei those with 
ceivical libs, and the symptoms of the tw^o aie veiy similai Since division 
of the scalenus muscle so fiequently lelieves both conditions, theie is a tend- 
ency to legal d that procecUue as sufficient m all cases If the suigeon elects, 
simple division of the anteiioi scalenus muscle mav be first tiied If the 
symptoms aie not leheved, the ceivical 11b may be leinoved at a latei opera- 
tion We have found that it is technically not difficult to cany out both pio- 
ceduies at one opeiation If one is not expeiienced in neck surgery, the 
simple muscle division, of couise, wmuld be the bettei Removal of the 
ceivical nb requires a longei incision and it takes about twice the length of 
time as the simple muscle division We have not noted any deaths resulting 
from the 11b opeiation In cases of impending gangrene of the fingers, 01 
seiious vasculai symptoms, I wmuld advise removing the cervical 11b, if one 
were present 

Theie is evidence to piove that long continued piessuie of the ceivical 
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nb on the brachial plexus hi mgs about a chronic aseptic inflammator} reaction 
which if continued long enough nia} bring about a permanent fibrosis 
Such a fibrosis ma} account foi the failure to rehe\e s}mptoms following 
e\en the more extensne operation for cerMcal ribs I ha^e had one such case, 
m which the anterioi and middle scalenus muscles were dnided and the nb 
was remo^ed This patient was reported as Case 2 m a preMOus article^ 
Her s}mptonis apparenth cleared up a few months following the operation 
but ver\ soon recurred She was seen recenth and her arm still bothered 
her Of course at operation we ma} ha\e traumatized the brachial plexus 

Whereas 111 the first part of this present communication we dealt with 
de\ elopmental facts as to win cerMcal ribs are formed and why they gi\e 
SMiiptoms still there is no question that there are man} times other con- 
tributory factors Trauma cither on one occasion or continued OAer a period 
of time pla}S an impoitant role Anatomic ^arlatlons aie at times most 
important as (i) First iihs which are unusuall} high \ev\ laige or ii- 
regularh cur\ed (2) The anterioi scalene tubercle ma} be gieatly enlarged 
(3) The brachial plexus mae come oft one segment higher or lower, and it 
ma} var} m its branching combinations (4) The right subclaMan arter} 
may e'ven come direct!} off the aortic arclT^ the artery or the ACin may pass 
in front of behind or through the anterioi scalenus muscle (5) Boin de- 
formities of the chest ma} broaden or shoiten the lateral diametei of the 
entrance to the thoracic cage (6) CurAatures of the spine ma} bring about 
an unusual pull on the fiist nb 01 the cervical nb (7) It is generall} thought 
that w ith adA ancing } ears the shoulder girdle descends and thus further an- 
gulates the brachial plexus and the subclavian ^essels as they pass o\er the 
first nb 

In 1916 Halsted^^ reported 716 cases of cervical ribs recorded in the 
literature to that time Halsted was especiall} interested m aneurysms or 
dilatations associated with cenical ribs, and he found 27 such instances 
Adson® states he has ne\ei seen an aneur}sm associated with cerncal ribs 
We ha\e seen arteries compiessed either b} the nb or the scalenus muscle 
and immediately following the operation, ha^e seen rather dramatic restora- 
tion of the artery to its normal size There haA e been cervical nb cases wnth 
aneurysms and s}phihs Theie is, of course a certain percentage of people 
without cerMcal ribs who de^elop subclaMan aneur}sms There have been 
only a few cases of complete obliteration of the subcla\ lan artery One such 
case was reported b} Oljenick.^® in Cushings Birthday Volume, one by 
Lmdskog and Howes,^"* and one b} us ^ m 1935 Due to its unusual subse- 
quent course, our case is reported somewhat m detail 

Case Report — A }^I , female age 31, bad bilateral cerMcal nbs articulating with 
the first ribs For six months she had had s> mptoms on the left side, consisting of cold- 
ness of the extremit} and weakness in the hand and arm There was no pulse palpable 
in the extremit}, and at operation the subclaMan arten \\as found to consist of a fibrous, 
aiascular cord The anterior and middle scalenus muscles were dnided, the cenical nb 
was rongeured aw a}, and the patient made an uneientful recoieri Her sj mptoms 
disappeared but she has nei er had a palpable pulse in that extremity since 
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Oh Maj' 13, 1938, three 3 ears after the first operation, the patient returned because 
she Iiad foi several months been noticing increasing numbness of the riglit upper extremity 
and, m particular, the fingers of the right hand Her symptoms were more marked when 
she tried to bend over 

Physical Exauutialwii — Blood pressure m hei light arm was 110/60, whereas, in her 
lower cxtiemities the blood pressure was 142/80 Since her symptoms weie increasing, 
since she had pi evioiisly lost the mam ai tery to her left upper extremity , operation was 
urged and was pci formed tin ec day s later 

0 />n (7/1011 —The subclavian arterv was compressed forwaid against the anterior 
scalenus muscle b\ a laigc ccnical nb which articulated with a large scalene tubercle 
The artCM appealed to be bent oier the ccnical rib The aiiterioi scalenus muscle waas 
divided two inches abo\e its insertion The artery was still narrow'cd and the cervical rib 
still pressed upon it The nb waas then rongctircd aw'ay The artery then fell back into 
the space occupied b\ the rib It was remarked that the subclavian artery was 40 per 
cent largci at the end of the operation than at the beginning 1 he brachial plexus, as 
W'as the case on the left side, waas postfixed iii type The cerrical nb passed through the 
middle of the plexus Following operation the patient’s svmiitoms w'ere immediatch 
iclicvcd and she has remained sMiiptom-frcc 

Ciiculatoiy distill bailees aic now icgaided as due to a constant stimulation 
of the sympathetic (constiictoi ) ncivc fiheis of the aiteiy to the extiein- 
ity^io in Qj p|gg ,s ciiiect piessinc 01 angulation of the vessel In any 

event, the jiathologic piocess is supposed to take place over a long peiiod of 
time and, fioni othci obsenations m vasculai suigciy, one would think it 
much bettei to bung about a giadual diminution m si?e of the aiteiy, thus 
giving collateial cii dilation a chance to fully establish itself Quite contiarj' 
to this idea, and veiy piactical to know, is the mannei in which some suigeons 
liave dealt with aneui3'sms associated with ceivical iibs In addition to the 
11b opeiatiou at least 111 one mstance,^^' the aneiuysm was doubly ligated in 
sift/, and on anothei occasion'" the aneiuysm was lemoved by immediate 
double ligation In both instances theie was a good postopei ative lecoveiy 

CONCLUSIONS 

(1) The occuiience of and the symptoms fiom ceivical iibs aic explained 
on the basis of compai ative anatomy and embiyology 

(2) Dining mspiicition the scalenus muscles may cause piessuie 01 ac- 
centuate 1 lb pi essui e on the hi achial plexus and the subclavian vessels 

(3) Anatomically, ceivical iibs ma}'' be divided into foiii bioad gioiips 
Those ivith cnlaiged tiansveisc piocesses, bilateial nbs, eithei floating 01 
aiticulating, umlateial iibs, eithei floating 01 aiticulating , luchmentaiy nb 
tips, eithei single 01 bilateial 

(4) The chief complaint of the patient is pain of vaiying intcnsit)' The 
pain may be in any pait of the neck, shoulclei 01 the iipjiei extiemity 

(5) At opeiation we advise division of the anteiioi and medial scalenus 
muscles and lemoval of the 11b, if picscnt We also suggest division of the 
anteiioi scalenus thiough the muscle belly so as to avoid the pleuia 

(6) The dome of the plciiia is piobablv highei in the neck of people ivith 

ceivical nbs 
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(7) In the diffeiential diagnosis, even if a cervical iib is present, the 
following conditions should be excluded Aithiitis of the spine or shoulder, 
bursitis, apical tumois, neuiitis, vasculai diseases, congenital deformities, and 
caidiac diseases 

(8) Lateial loentgenogiams will fiequenllv show the cervical iib lun- 
ning diagonally aeioss the hod} of the seventh ceivical vertebia, they 'uill 
also show the pleuia at the base of the neck in fiont of the spine 

(9) Aneuiysms of the subclavian aiteiy caused b} ceivical ribs oi anteiioi 
scalenus s}ndioine aie \ei3 laie The aneuiysm, if present, may be doubly 
ligated and lesectcd, or not, with safety 

(10) Ciiculatoiy disluihances aie piohahly due to lepeated stimulation of 
the %asoconstiictoi neixcs, oi to diiect piessuie on. oi angulation of, the 
subcla\ lan vessels 
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Discussion — Dr William DeW Andrus (New York) said that the 
difficulty in differential diagnosis of both cervical rib and the scalene muscle 
syndrome is evident Doctor Smith’s case illustrated the widespread symp- 
toms that may occur from another type of abnormality in this region and 
Doctor Patterson brought out in connection with two cases that other lesions 
may give rise to symptoms similai to those caused by cervical iibs In the 
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New Yoik Hospital, during the last few years, there have been seven cases of 
ceivical rib or scalene syndrome Five had cervical ribs— three were complete 
articulating ribs and two were with a fibrous band Two cases were of the 
so-called scalene syndrome One patient was a woman, age 52, who com- 
plained that she woke up eveiy morning with a swollen left hand and cyanosis 
of the finger tips On further inquiry it developed that she always slept on 
the left side and used a high pillow She would turn on the right side for 
leJief She was obseived for several days and, as roentgenograms showed 
no evidence of cervical rib, a diagnosis of scalene anticus syndrome was 
made She w^as completely relieved following the section of the muscle 

So many anatomic abnormalities can occur in this region that it is difficult 
to implicate any single one Emphasis has been placed on hypertrophy of the 
scalene anticus muscle as being of considerable importance, more so perhaps 
than the alleged inflammation supposed to occur according to some of the 
earliei leports The leason for the hypertrophy, however, remains obscure 
in many cases It can be explained 111 some instances by a more than usually 
vertical position of the first rib, in which case the angle at which the scalene 
muscle acts to elevate the rib is more acute, thus requiring more force to 
laise it, and also making the angle through which vein and artery must pass 
more acute and accentuating the pressure exerted upon them 

Dr Beverly Chew Smith (New Yoik) said that the presence of cervical 
11b should be suspected in all cases of neural or vascular symptoms m any 
uppei extremity Whereas the actual piesence of a rib can be revealed by 
roentgenologic examination and, 111 some cases, by palpation, quite often symp- 
toms associated with actual cervical rib persist in the absence of a demon- 
strable 11b This later condition is lecognized to-day as the scalene anticus 
syndiome and is associated with a tense deep cervical fascia posterior to the 
scalene anticus, an hypertrophied muscle or a band from a transverse process 
to the fiist 11b The relief of symptoms following the division of the scalene 
anticus in these cases has been so brilliant that it has led to the assumption 
that muscle division alone will lelieve symptoms in the presence of actual 
cervical ribs This is not wholly true, as in those cases where the ribs are 
sufficiently large and the plexus is more caudally fixed, excision of the rib is 
lequired to give permanent relief Doctor Patterson stresses in his technic 
the value of the scalene medius as a tiactoi aftei its division in protecting the 
plexus duiing extiipation of the rib This point should be borne in mind if 
rib resection is necessary The multiplicit}’- of vague symptoms from vascular 
spasm, intermittent claudication, arterial subclavian occlusion, gangrene of 
digits, caidiac palpitation, nausea and faintness, makes cervical ribs and 
associated scalene anticus s3mdiome a major surgical diagnostic problem 

Doctor Smith said he believed it expedient in all operations for cervical 
rib or scalene anticus syndrome to divide the fascia posteiior to the scalene 
anticus after division of the muscle, for not until this is done will the plexus 
01 subclavian artery be freed of the pressure upon them anteriorly 

Diagnostic exploration of the scalene region is indicated in cases of this 
syndrome 111 the absence of roentgenographic evidence of cervical ribs, if 
symptoms are piogressive, unrelieved by palliative treatment, or are exag- 
gerated by position associated with increasing symptoms in the presence of 
actual cervical ribs 

Dr John M Hanford (New Yoik) There are a great many phases of 
this subject which one might discuss I would like to speak first about con- 
servative treatment It seems to me that occasionally there may be justifica- 
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tion for tiying this The mam indication, I would say, would be the absence 
of 01 game disease — ^that is, symptoms without evidence of organic disease Di 
Walter M Buckner, twelve yeais ago, gave a very inteiestmg discussion of 
pressure upon the brachial plexus and upon the artery by a normal first rib, 
and recommended conseivative treatment in ceitam types of cases by rest, by 
elevation of the arms and by such cxeicises as might facilitate the release of 
the piessure of the hist iib One might considei that treatment (especially 
in patients who might not he suitable foi opeiation), if they have no organic 
disease oi no definite evidence of damage to the cn dilation or nerves 

Anothei phase of this subject wdnch interests me veiy much is the mecha- 
nism w'hich causes the s) mptoms It is easy enough to explain symptoms due 
to pressure upon aii} neive or neive loot, but wdiy does constriction of the 
subclaMan aitery cause symptoms even before thrombosis and actual occlu- 
sion have occuiied^ In some of these cases, like Doctor MacFee’s, there was 
no apparent thrombosis oi damage to the artery Theie was only narrowing 
and a slight aneurysmal dilatation , but w Ity w as the patient having symptom'^ ^ 
I understand that the patient had no damage to the biachial plexus of any 
consequence The subclaMan aiter}'^ can be ligated immediately, distal to 
the thy 1 ocer\ ical tiunk, wuthout aii} such symptoms Then how do these 
s) mptoms de\elop^ I do not know I w'ould like to be enlightened It 
piobabl}'^ IS known At least theie may be veiy good theories But it seems 
to me that it must be i elated to the innervation of the artery, wdnch may have 
something to do with the studies which Leriche made m the periaiteiial sym- 
pathectomies A patient of mine, like Doctor Smith’s, had thrombosis of the 
distal pait of the suljclavian aiteiy, the aiter}"^ gave no pulsation down the 
limb, and presented all the evidences of aiteiial occlusion, yet release of the 
artery at opeiation iehe\ed her s) mptoms Tw'o months ago when I saw her 
(se\en months aftei operation) she w'as still enthusiastic about the results of 
the operation which consisted of nothing but release of the artery She had 
no evidence of nei\e damage How^ w^as she benefited and what mechanism 
caused her symptoms^ That is a veiy interesting pathologico-physiologic 
study This patient I opeiated upon had a thrombosis I opened the aitery, 
passed a probe dowm the axillaij' artery, wdnch was completely thrombosed, 
and examination of the clot show'ed organization Nothing was done to 
improve the arterial cii dilation She had a cervical iib wdnch I did not touch 
She impi oved ^Vhy ^ 

Another phase of the subject is the technic My impression is that division 
of the sternomastoid along the clavicle is helpful in obtaining good exposure 
Veiy careful hemostasis is important Division of the omohyoid is justifiable 
Division of the scalenus anteiior may not succeed if it is made high because 
m my patient just lefeired to, there was dense tissue along the lower part of 
the muscle, and I had to divide this low down m order to release the arteiy 
In w^orkmg about the low^er part of the muscle, certainly one should be careful 
about the pleura The stress laid upon care in the ti action upon the brachial 
plexus by Doctor Patteison is most important Nerves do not withstand 
traction ' If ever there was a sound surgical axiom, that is one The scheme 
of retracting the plexus very gently is most important 

Dr Russel H Patterson (closing) said that in every case the symptoms 
w^ere on the side where the rib was largest He agreed with Doctor Smith 
about cutting the muscle and fascia, and said that this principle was certainly 
true in two of his cases If the fascia had not been cut eithei in front oi 
behind the scalenus anterioi oi the scalenus medius, the fiist rib would not 
have been released 
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THROMBOSIS OF THIRD PORTION OF SUBCLAVIAN ARTERY 
ASSOCIATED WITH SCALENUS ANTICUS SYNDROME=' 

Beverly Ciie\y Smith, MD 
Nnw York, N Y 

Case Report — E H , male, age 28, was first admitted to Vanderbilt Clinic, Septem- 
bei I, 1937, complaining of palpitation of the heart of six months* duration His past 
history was negative His personal histor\ was also negative, except that he consumed 
one and a half packs of cigarettes and seven cups of coffee a da> He enjoyed excellent 
health until Scptembei, 1935, at which time he first noticed palpitation, precordial pain 
accelerated by exertion, and nocturia of two to three times During the first six weeks 
of this complaint he lost 18 pounds, became worried and introspective Following 
palpitation he noted hot flashes, dripping night sweats, pol>dipsia and polyuria seven to 
eight times daily His doctor told him that he had high blood pressure but did not tell 
him the readings Without treatment his symptoms disappeaied slowly in two months 
He remained symptom-free foi one and a half years except for short attacks of palpita- 
tion which recurred irregularly for a month Six weeks before admission, his symptoms 
reappeared and gradually^ increased in intensity and frequency The cervical nodes on 
both sides of liis neck would sw^ell and recede for a period of two to three hours during 
the dav They^ wxre not painful, but w^re uncomfortable He noticed increased nervous- 
ness and irritability 

From September i, 1937, to June 27, 1938, he was seen a number of times in various 
departments of Vanderbilt Clinic, wdiere his blood pressure varied from xgo/ioo to 
140/S5 His urine was negatne The Wassermann w^as negative At odd times he 
complained of consciousness of his heart when lying on his left side at night because of 
its forceful beat He was considered a case of neurocirculatory asthenia He became 
worried about himself wdiich accelerated his symptoms In May, 1938, pain occurred in 
his left shoulder radiating dowm to his left elbow, and at this time it was noted that, 
although the right radial w^as normally^ palpable, the left radial could barely be felt The 
right brachial blood pressure w^as 165/95* the left 115/85 On May 31, 1939* roentgenogram 
No 172740 w^as negative foi cervical ribs Transverse processes of the seventh cervical 
vertebra were said to be a little longer than normal 

June 6, 1935 Oscillometnc readings, at 130 Mm Hg pressure showed 

Right Left 

Lower arm 9 2 

Midforearm 5 i 

Upper K leg 7 7 

He began having intermittent claudication of his left hand and arm, to such an 
extent that he frequently had to rest during his work as a soda dispenser and could not 
work longer than four hours at a stretch without a long rest period His symptoms 
became more pronounced and he noticed transient w^eakness in his left upper extremity 
associated with tremor and sweating limited to face, neck and arms His left arm was 
w^eaker, colder and bluer than the right 

Physical Examination — This was essentially negative except that the left radial and 
brachial pulse could barely be appreciated, and left subclavian above the clavicle could 
not be felt The left nail beds w^ere slightly cyanotic The ulnar, radial and biceps 

* Presented before the New York Surgical Society, April 26, 1939 Submitted for 
publication July 7, 1939 
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reflexes were less active on the left than on the right side, and there was atrophy of the 
left thenar eminence 

In June, 1938, his left aim frequently became numb and his capacity for using it 
limited its use to such an extent that he could not carry a newspaper or magazine 111 his 
hand It became painful and felt as if it were asleep He was breathless after climbing 
two flights of steps He became conscious of holding his head bent to the right which 
caused his left shouldei to be highei than the right 
Blood pressuic readings were as follow^s 



Right 

Left 

Sitting with arm at side 

165/roo 

115/80 

Sitting w ith arm abducted 

150/100 

100/80 

Sitting with arm overhead 

130/50 

85/75 


Surface temperature in both hands and forearms was normal at 31 5° C 

Examination by the Neurologic Department revealed no disease of the spinal cord, 
ner\es or brain 

An electrocardiogram (No 5095S) June 22, 1938, w^as normal 


Oscillometric Readings Right Left 

Arms at side — midforearm 45 2 

lower third of arm 9 3 

Arms extended — forearm 5 i 

arm 6 05 

Abducted 90° — forearm 4 i 

arm 65 2 

Elevated to 180° — forearm 3 o 

arm 4 o 


E>e examination b}’' the Ophthalmologic Department w^as negative A six-meter 
roentgenogram of heart showed no cardiac enlargement Red blood count 5,000,000, 
wdiite blood count 11,450, pol>s 72 per cent 

Opoatiou — June 24, 1938 Under a\ertm-nitrous oxide-ether anesthesia, a left 
lateral, low" collar incision was deepened through the platysma and the clavicular portion 
of the sternomastoid muscle, and the phrenic nerve w"as retracted from the anterior 
surface of the scalenus anticus muscle The scalenus anticus muscle was then divided 
near its insertion on the first nb The subclavian artery w"as exposed with the thyro- 
and costocervical trunks Good pulsations w"ere noted in both thyro- and costocervical 
trunk at the third part of the subcla\ian artery No pulsations were felt in the sub- 
clavian distal to this point but normal pulsations proximal to this trunk were noted 

A hj^podermic needle inserted into the subclavian proximal to the costocervical trunk 
yielded blood, lateral to this trunk no blood w"as obtained The transverse scapular 
artery w"as dilated The lateral edge of the cervical fascia posterior to the scalenus 
anticus muscle was a taut, hypertrophied fascial band which partially compressed the 
subclavian artery just distal to the costocervical trunk, where the medial edge of the 
thrombosed subclavian w"as noted There w"as no pulsation in the third portion of the 
subclavian or the radial when this band w"as released 

His postoperative course was uneventful He was discharged on the eighth post- 
operative day His wound healed per primam 

Subsequent Cowse — Follow-up at ihiee months The patient reported that his left 
arm w"as stronger although it still tired more quickly than the right, left forearm still 
remained smaller than the right There was no coldness, cyanosis or tingling of his 
hand, hrs grasp was normal but theie was no change m the thenar atrophy The 
Cardiology Clinic reported a normal heart 

Folloiv-up at five months — November 15, 1938 Left radial was found to be slightly 

547 



BEVERLY CHEW SMITH 


Annals Of Surperj 
April 1040 


more palpable, both brachials were palpable but could be felt on the right much stronger 
than on the left The entire left upper extremity felt much more normal His hand did 
not tingle as previously His palpitation, nocturia, polyuria and sweating had disap- 
peared Cold weather did not bother him as it had previously Oscillometric readings 
were the same 

At ten months after operation, his left upper extremity was svmptomless He had 
no pain, did not become fatigued, and worked nine hours daily as a soda dispenser without 
intermittent claudication of his left upper extremity He had no cardiac or chest symp- 
toms , he was less nervous, his hand was pink, and his arm h It normal 

BP right 160^90 — left 110/80 The right radial, brachial, axillary and subclavian 
arteries were normally palpable, but on the left side they were felt with great difficulty 
and at times the pulse was imperceptible With both hands above his head the left was 


Oscillometric Readings 
Lower arm 
Midforearm 


dependent 


Right 

Left 

120 

100 

9 0 

2 5 

120 

100 

5 5 

2 0 


The patient is shown as a case of scalenus anticus muscle syndiome with 
symptoms simulating coronal y disease, without a cervical 11b but with the 
thickened lateral edge of the cervical fascia postei lor and lateral to the scalenus 
anticus muscle pressing on the third poition of the subclavian artery resulting 
ill a thrombosis which had become an organized fibrous coid Division of 
the fascia, wheie it compressed the aitery, relieved all of his cardiac symp- 
toms, the pain in his shouldei and arm, and the intermittent claudication 
while at woik as a soda dispensei There was no evidence at operation of 
compiession of the neives of the biachial tiunk 
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CERVICAL RIB CAUSING PARTIAL OCCLUSION AND ANEURYSM 
OF THE SUBCLAVIAN ARTERY^ 

William F MacFee, M D 
New York, N \ 

Cervical rib is usually a bilateial condition, and the piactical effect, as 
Keen^ has obseived, is to lengthen the chest by one nb The upward displace- 
ment of structures depends upon the extent of development of the anomalous 
nb and the natuie of its fibious attachments at the aliteiior end The biachial 
plexus usuall} passes ovei the nb and symptoms fiequently anse fiom pies- 
suie, paiticularly upon its lowei cord If the nb is shoit the aich of the 
subclavian aiteiy may not be disturbed, but if the n1) is long the aiteiy may 
be earned ovei it oi be caught and compiessed between the anterioi end 
of the nb and the tendinous inseition of the antenoi scalene muscle The 
symptoms m the lattei case aie pnmanly referable to the aitenal occlusion 
which IS usually incomplete Because of its lateial and postenor position the 
liiachial plexus sufteis mteiterence much moie fiequently than the sub- 
clavian arteiy 

Case Report — Hosn No A-04447 A L white, male, age 28, was admitted to 
St Luke’s Hospital, Juh 9, 1938, complaining of severe, stead} pain 111 the fingers of the 
left hand, particularly the first, second, and third fingers, and a progressive sore on the 
end of the third finger of the left hand 

He stated that in December, 1937, approximately seven months before admission, 
while working out of doors, his hands became so cold that he w^as obliged to stop work 
He soaked them in cold w^ater and worked them until the circulation returned With 
the return of circulation, there was a burning sensation which affected chiefly the 
left hand 

About tw^o weeks later the patient accidentally inflicted a superficial scratch on the 
end of the left middle finger with a screws driver This slight wound did not heal, but 
instead became surrounded b^ an area of redness and swelling The lesion was treated 
wnth wet dressings A small amount of pus drained out, leaving a hole which was 
larger than the original wound 

The condition did not heal and remained almost stationar}^ in size until about three 
wTeks before his admission to the hospital, when the finger became painful The pain 
graduall} extended to the other fingers of the hand and became so severe that the patient 
w^as unable to sleep He w^as admitted to another hospital w^here studies revealed evi- 
dence of occlusion of the radial arterv After a course of treatment, which included the 
intravenous administration of 5 per cent sodium chloride solution, the symptoms w'^ere 
not relieved and the patient w^as discharged at his own request 

Physical Exawumftoii revealed nothing which appeared to be significant except the 
condition of the left hand and arm The tips of the thumb, index and middle fingers 
showed dry, blackened, gangrenous areas of skin (Fig i) The tips of the fourth and 
fifth fingers w^ere reddened and somewhat sensitive 

In the left supraclavicular region there was a hard, raised structure above which a 

"^Presented before the New York Surgical Society, April 26, 1939 Submitted foi 
publication Juh 13, 1939 
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pulsating vessel could be felt Tlie left arm showed slight general atrophy and the left 
hand was definitel} c>anotic The left brachial arter> was palpable and pulsating to the 
junction of the middle and distal thirds of the humerus where pulsation ceased, and 
l)e^ond that point the arter> was felt as a hard, pulseless coid Pulsation could not 
l)t detected in tlie left foiearm, wiist, or hand The niaxinial oscillations produced b\ 
the left brachial aitery were i to i s as compaicd with 4 to 5 for the right The 
maximal left radio-ulnar oscillations were scarcely pei ceptible and wei e recorded as 0 5, 
wheieas the maximal right ladio-ulnar oscillations were 35 The temperature of the 
left hand and forearm was perceptibly lower than that of the right, and color returned 
slowly after compression There were no focal areas of sensory or motor disturbance 
to indicate interference with components of the brachial plexus 



Tig 1 — Pbotogr'^phs showing the gangrenous areas on thumb, index and middle fingers 


Lahoiatoiy Data — The blood and urine showed no significant changes Roentgeno- 
grams of the ceivical and upper thoracic spine showed an incomplete!} developed nb on 
each side These appeared to be the first thoracic ribs but they were subsequently proven 
to be cervical Each articulated with the first thoracic nb lateral to the scalene tubercle 
The anomalous nb on the right side showed greater development than that on the left, 
but there were symptoms on the left side only Believing that the left cervical rib was 
pressing against and partially occluding the subclavian artery, and was responsible for 
the changes observed in the left arm and hand, operation was undertaken 

Opcuihon — July 9, 1938 The region was exposed through an incision made above 
and approximately parallel to the left clavicle The anterior end of the cervical nb 
formed a rounded, dense cartilaginous mass The tendon of the scalenus anticus muscle 
wa<; mseitecl normally into the first iib and passed veiy close to the cartilaginous end ot 
the cervical nb The subclavian arteiv lav m the narrow space between the scalenus 
anticus tendon, and the end of nb and was tightly compressed (Fig 2) Immediately 
distal to the point of compression, the arter} presented a fusiform aneurysmal dilatation 
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of the t3pe which has been fiequentl}’* observed after the prolonged constriction of an 
arter\ The dilated poition was appiovimately twnce the diameter of the artery above 
and below 1 lie components of the brachial plexus, lying posterior and lateral to the 
arter}, passed ovci the cervical rib lateral to the position of the artery and appaientb 
suftered no inteifercnce 

Tlie tendon of the scalenus anticus w^as severed neai its attachment This appealed 
to complcteh lelease the arter\ whicli immediatel} assumed a more medial position 
The cartilaginous mass icpicscnting the anterior end of the ceivical rib w^as removed 
b} means of a rongcui, although this did not appear to be leally necessary 

Subsequent Coujsc — Following opciation, relief was immediate and almost complete 
so far as pain was concerned There w^as no immediate return of the radial pulse 
Oscillometric readings showed slight impro\ement, but the objective changes were not 
commensurate with the subjcctne relief The 
gangrenous processes at the tips of the fingers 
slow!} resohed and healed after sequestration 
of portions of the terminal phalanges of the 
index and middle fingers Nearh six months 
were required for complete healing There 
was gradual impro\emcnt m function and in 
the circulation of the hand and forcaim but 
pulsation at the wrist did not reappeai 

The patient was almost free fiom pain 
until April 1939 nine months aftei operation, 
when he began to experience some discomfort 
in the region of the left shoulder girdle At 
first mild the discomfort graduallv increased 
to a persistent aching pain which radiated 
along the medial surface of the arm foiearm, 
and hand It became appai cut that the 
brachial plexus had become involved and, on 
Juh 28, 1939, the rib w^as rc'^ected It was 
found that the portion of nb remo\ed at the 
first operation had partialh regenerated and 
there was new^ bone and scar sufficient to com- 
press the brachial plexus against the clavicle 
The aneur\smal dilatation of the subcla\ian 
arter\, obser\ed at the first operation, had 
almost disappeared and the \essel at this point 
was of approximatelv normal caliber The 
painful svmptoms subsided aftei ablation of the nb and, w^hen the patient was last 
examined, November 28, 1939, five months after the second operation, there was some 
residual weakness but no pain 

CoMAiENT — The chief inteiest of this case is in the v^asculai changes, 
particularly the foimation of an aneurysm distal to the point of compi ession, 
the apparent obliteration of the aiteiy at a considerable distance peripheral 
to the site of partial occlusion, and the onset of gangiene m the finger tips 
Discussion — It is noteworthy that nearly all dilatations of the sub- 
clavian arteiy associated with ceivical 11b have been distal to the point of 
interference Baumgartner,- ef al , and Fhnt'^ have reported cases in which 
the aneurysm was in direct contact with the sharp edge of a cervical 11b 
Attempts to explain the dilation of a vessel which occuis beyond a point of 
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Fig 2 — Di'igr'imni'itic «;ketch sIio\Mng the 
bnchial plc\iis passing o\er the cervical rib the 
subclavian arterv compressed between the anterioi 
end of the nb and the tendon of anterior sc i 
lene muscle, and the fusiform aneurism distal 
to the point of compression 
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consliiction have not been entirely satisfactoiy Suggestions which have 
been offered aie Slowing of the blood stream with a resulting increase of 
lateral pressuie, limitation of blood supply to the vessel wall through inter- 
ference with the vasa vasorum , and trophic changes in the vascular struc- 
tuie due to paralysis of the sympathetic nerve supply 

In making a study directed toward finding the cause of dilation of the 
aiter}'^ distal to the point of compression Halsted and Reid‘S reviewed 716 
cases of ceivical rib, taken mostly from the literature Of this number, 191 
were autopsy observations or museum specimens and the remaining 525 
were clinical cases Tin ee hundred sixty of the clinical cases presented symp- 
toms of pressure , 235 had nerve symptoms alone , 106 had nerve and vas- 
culai symptoms , and 19,01 5 3 P^r cent, had only vascular symptoms In 
the 125 cases with symptoms which were interpreted as vascular, there were 
27 in which a fusiform, aneuiysmal, 01 cylindrical dilatation was observed 
In the majoiity of these the disturbance of circulation was severe, and six 
cases had gangrene of the fingers 

In a moie recent review of 554 cases of cervical rib, collected from the 
literature, JacobsohiT found six cases vith gangiene A number of single 
cases with var3nng degiees of gangrene have been leported, among them 
may be mentioned those of Pasini,® Otto," Langeron and Desbonnets,® Len- 
nei,” and Baumgaitnei - Two of the cases described b}^ Adson and Coffey^® 
had gangienous changes of the fingei tips 

The nature of the vascular lesions and then mannei of production aie 
matteis which have mteiested a number of observeis The factor of direct 
piessuie by the anomalous rib has long been lecognized, and Adson^® has 
called attention to the anterior scalene muscle as an important part of the 
piessuie mechanism The probable effects of disturbed mneivation of the 
blood vessels have also been considered 

The vascular manifestations associated with ceivical rib can hardl}' be 
explained on a basis of simple constiiction or compiession Todd^’^ mini- 
mized the impoitance of dnect damage to the subclavian artery and came to 
the conclusion that the vasculai symptoms occuriing m cases of cervical 
11b aie not mechanical in origin, but are tiophic in character and are caused 
by paralysis of the sympathetic fibers passing to the A^essels It has, further- 
more, been shown that grave vascular complications may occur even when 
the anatomic lelations of the ceivical nb are such that it impinges onl)" on 
the brachial plexus and not upon the subclavian artery 

Leriche^"* also has stiessed the importance of disturbed vasomotor func- 
tion 111 accounting for the vascular phenomena On the basis of his experi- 
ence, he appaiently believes that functional vasoconstiiction, repeated with 
sufficient frequency, eventually leads to a true anatomic endarteritis which 
may persist after lemoval of the 11b and develop on its own account 

In the case herewith reported, Lenche’s theory was supported to the 
extent that the distal portion of the brachial artery and the radial arter} 
were pulseless and apparently obliterated Pulsation did not return after 
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libeiation of the subclavian aiteiy Theie was, howevei, a definite iinpiove- 

ment of circulation with healing of the gangienous aieas of the fingeis 

and an almost complete symptomatic lehef which lasted until evidence of 
piessure upon the brachial plexus appeared nine months latei 

With lespect to tieatrnent in this case, the seveiing of the scalenus 
anticus tendon fiom its mseition on the fiist iib appealed to hbeiate the 

subclavian aiteiy completely It appeals, m letiospect, that the ceivical iib 

should ha^e been entiiel} lemoved at the same time oi not distuibed at 
all The paitial removal was follo^\ed by an excessive regeneiation, with 
encroachment upon the biachial plexus and the development of symptoms 
referable to pi essure upon elements of the plexus 
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PULMONARY EMBOLISM 

Willis J Potts, MD 
Oak Park, Iil, 

FIIOM THE DEPAIITMLVT OP SUHGEin RUSH MPDICAL COLT FOF UMV FRSIT^ Of CniCAGO THE PRE3D\TERI\N HOSPITAL 
OP CHICAGO, AND THF W FST bUBUKUAN HOSI ITAL OAK PARK ILI 

Pulmonary embolism is common enough to keep the surgeon worried, 
uncommon enough to give him a false sense of seem ity, and erratic enough in 
its incidence to bolstei his faith in any method of preventive treatment Sud- 
den death fiom pulmonary embolism following an uneventful recovery from 
an opeiation, an injuiy, oi an obstetiic delivery is a tragedy that is not soon 
forgotten More frequent, less spectacular, but nonetheless disturbing, is pul- 
monaiy infaiction from a subletha] embolus Besides these two groups of cases 
theie are many patients vlio for months or years aie incapacitated with 
thiombophlebitis of one oi both legs That the pioblem exists no one will 
question 

Incidence — Wilson,^ Patey,- Nettleblad,^ Mason,"* Bunzel,’’ Whaiton 
and Pieison,® Dougal," Muiiay and Best,® and Cleland and Barlow® inform 
us that fatal embolism follows o i to 7 5 per cent of surgical operations and 
that postopeiative thiombosis affects i o to 7 5 per cent of surgical patients 
The discrepancies m lepoited percentages aie due partly to variations in the 
frequency of thiombosis after certain opeiations and injmies and partly to 
the Intel pretation of findings by the observer Whaiton and Pierson® reported 
that 40 pel cent of the cases diagnosed as pleuiisy and 12 per cent of those 
diagnosed as bionchopiieumonia 01 pneumonia had been m reality instances 
of pulmonaiy infaiction, and hence due to pulmonary embolism 

Etiology — As embolism is usually a sequela of thrombosis any discussion 
of the etiology of pulmonai}^ embolism must be piimarily a consideration of 
venous thiombosis 

It is difficult m a study of the causes of thiombosis to decide what are 
ctiologic and what aie contributing factors The following summary, not 
necessarily complete in detail, includes those conditions which have leceived 
most consideration 

(i) Retaided cii dilation due to 

(a) Caidiac weakness 

(b) Shallow lespiiation 

(c) Inactivity 

(d) Position 

(e) Low blood piessuie 

(f) Increased mtia-abdoinmal piessure 

Submitted for publication November 21 1938 
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(2) Alteied metabolism due to 
(a) Dehydiation 

{ li) Loa\ food intake 
(c) Diu^s 

(3) Blood changes atlecling the 
(a) Platelets 

(h) Clotting mechanism 
(c) Chemistiy 

(4) Tissue tiauma 

(5) Infection 

(6) Vessel ^\all changes 

(7) Ohesit} 

(8) Age 

— \ nchow’" is often quoted as the fiist to considei letaided cii- 
culation as an impoitant cause of tluomhosis Welch/^ in 1899, m a aci) 
conipiehensive leciew of tluomhosis and embolism, stiessed the impoitance of 
enfeebled circulation, hut added that some othei factoi such as mciease m the 
platelets, 01 a change in the composition of the blood might he impoitant He 
also discussed uhat /kschoff latei demonstiated — that fihiin coagulation is not 
the first stage m thiomhus foimation Aschoft^- described white 01 static 
thrombi w Inch ai e laid down on the u all of the vessel and consist of platelets 
and leukocytes To this vhite thiomhus the led thiomhus consisting of the 
elements of coagulation is later attached “The white thiomhus is the de- 
termining and pecuhai factox in the whole process the led thiomhi aie only 
so to speak, incidental, the fiist stage is the election of a moiphologic stiuctuie 
by a process of agglutination Fihrm feiment is obtained fiom the ag- 
glutinated elements and cements them togethei by coagulation ” The oiiginal 
process has nothing to do ivith the coagulability of the blood but lathei with 
that factor wdiicli allows the platelets and leukocytes to accumulate A 1 epro- 
duction fiom his lectuie illustrates his conception of how the change m the 
late of flow and the eddies m the blood stieam aie conducive to the deposition 
of blood elements on the venous w^alls (Fig i) In discussing John Hunter’s 
observation that blood null not coagulate m a segment of vein tied off, Aschoff 
says that for mti avascular clotting not complete stagnation hut letardation of 
the blood flow is necessaiy to allow the accumulation of platelets 

BelP^ states that pulmonai y embolism, usually 1 egai ded ’as a postopei ative 
complication, is more often associated with medical than surgical cases Fiom 
the Department of Pathology of the Toronto Geiieial Hospital, he reports 
pulmonary emboli in 10 per cent of 567 autopsies Of these 56 cases, 37 ivere 
considered the immediate cause of death and only ii had undergone operative 
treatment He further observed that there was a history of some cardiac 
impairment in 49 of the 56 cases of embolism He concludes that retardation 
of blood flow IS the important factor in intravenous clotting He found no 
infection in the clots and no microscopic changes in the intima of the veins 
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m which the thrombi developed Henderson/*^ likewise, found that cardio- 
vascular disease was the piedominant illness in one-half of the nonsurgical 
cases of embolism 

From the studies of Blumgart and Weiss, on the rate of blood flow, we 
learn that the aim-to-arm cii dilation m normal male individuals averages i8 
seconds In compensated cardiovasculai disease the circulation time is 24 
seconds, and in decompensated individuals 38 seconds He states “In gen- 
eial, the degiee of cardiac decompensation at the time of the test was closely 
1 elated to the degiee of letaidation of the velocity of the blood flow ’ 




Tig I — Diagrams shoumg (a) edd> formation behind a ueir 
(b) eddy formation in front of, behind and beneath obhqueI> placed 
weirs, (c) eddy formed nt the point of junction of two streams of 
unequal size (From Aschoff Thrombose und Snndbankbildung 
Ziegler s Beitr , 52 209, 1912 ) 

Respiration is»- an important accessory factor in aiding the circulation 
(HowelF® and Wiggers^’^) The negative intrathoi acic pressure pi oduced v ith 
each inspiration tends to aspirate the blood into the laige veins of the thorax 
During long or foiced expiration the large veins become distended — easily 
observed in the external jugulai s — and during inspiration they collapse quickly 
Keith^® states that emptying of the “venous cistern” of the abdomen and pelvis 
IS aided by respiratoiy movements and muscle contractions It must follow, 
then, that the return flow of venous blood is hampered when respiration is 
shallow as it is dm mg severe illnesses and following abdominal opeiations 
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Patey- pointed out that the normal vai lations m inti a-abdomiiial pressui e due 
to lespiration aie an impoitant mechanism m aiding the letuin flow of blood 

The inactivity of bed lest, which is of necessity enforced upon each sick 
peison, adds to the tendenc} tow aid venous stasis In McCartney’s^^ repoit 
of 73 cases of pulmonar) embolism there w^eie 15 stiictly postti aumatic cases, 
12 of w'hich had lowei extiemity fractuies and all of wdiich weie confined to 
bed When the muscles of the legs and abdomen are inactive there is little 
alteration in the late of blood flow m the pelvic and femoial veins Thiombi 
practicall} nevei foim m the axillaiy veins of postopeiative patients The 
leasoii foi this, it is assumed, is that the beginning of any accumulation of 
platelets is prevented 01 is piomptly swept out, befoie a thrombus can foim, 
by fiequent alteiations in the late of blood flow^ pioduced by musculai con- 
ti actions and elevation of the aims Thrombosis and embolism aie lelatively 
common m fiactuie patients confined to bed 111 plastei encasements, especially 
those with fractuie ot the neck of the femui, but it is laie in ambulatoiy 
patients with aim, leg shouldei 01 spine fiactuies m encasements Both 
gioups are fiee from demonstiable infection The amount of tissue tiauma is 
the same in each The impoitance of inactivity and position as factois m 
thrombosis looms laige With the lowering of blood piessme the rate of 
blood flow coriespondingly falls This affords an oppoitunity for the fixed 
elements of the blood to settle out Walters-” lepoited an average drop in 
blood piessure of 30 Mm Hg m postoperative patients 

Increased intra-abdominal pressui e due to ileus, meteoiism, and intestinal 
stasis follow s practically all abdominal and many extra-abdominal operations 
In abdominal distention of any degree pressure transferied against the inferior 
vena ca\a and the iliac veins hinders the normal leturn flow of blood fiom 
the legs 

The metabolism of the postoperative patient is piofoundly alteied Theie 
may be psychic depression from the feai of surgei y, toxemia from anesthesia 
and trauma, and shock from the loss of blood Withholding pieoperative 
fluids, sw'eatmg, vomiting and blood loss contiibute to dehydiation wnth conse- 
quent increase in the fixed elements of the blood Inadequate food and inac- 
tivity low^er the metabolism Sedatives such as morphine and barbituric acid 
derivatives depress it still further 

Ever since the importance of the platelets w'^as pointed out by Welch and 
Aschoff they have been studied vigorously Hueck,-^ and Dawbarn, Earlam, 
and Evans-- found a platelet rise from the sixth to the tenth postoperative 
day , the more extensive the operation the greater the rise in the platelet count 
Wells-^ says that numerous studies on the relationship of the platelets and 
disease conditions have indicated a certain parallelism between their numbers 
and the tendency to coagulation observed 111 various disease conditions On 
the contrary, Allen-'* found no uniform or significant variations m the platelet 
count in postopeiative patients Armitage, Pickeimg, and Mathur-® add that 
the complete disintegi ation of blood platelets, produced with saponin, neither 
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piockices inti avascular dotting nor hastens the coagulation of normal blood 
which has been shed into pai affined vessels 

The mechanism of blood coagulation has long been fairly well known The 
seaich is foi those factors which will inhibit this mechanism within the vessels 
Blood IS a “streaming suspension" and anything which thickens the solution 
and slows its pi ogress w'ould seem to be of impoitance on the basis of pure 
mechanics in initiating the piocess Earlani” hinted at the possibility of some 
coagulation inhibiting factor m the w^alls of the vessels themselves Some 
wwiteis have stiimised that individual idiosyncrasies toward coagulation are 
of importance Bancroft and his cow^oikers-*’ are attempting by means of a 
plasma clotting test to seek out those patients who are susceptible to thrombosis 
They divide all patients into thiee groups Those with a tendency to bleed, 
those with normal clotting time , and those with a tendency to clot The last 
gioup constitutes 12 per cent of patients 

Changes m the blood chemistry of postoperative patients are m general 
those found in cases of dehydration A use m the urea content of the blood 
has been demonstiated Duval and Binet-'^ stressed the importance of poly- 
peptides as an important factoi m pulmonarjf complications Homans-® sums 
up his view wuth this statement “Blood chemistry, except for dehydration, 
IS not a factoi m thrombosis ” 

The release of tissue extracts — “tissue juices” — into the circulation by 
tiauma has long been an attractive theorj'- of thrombosis and is favored by 
Mason^ wffio says “The potencj'’ of such an extract has not been fully appre- 
ciated, for it requires only o 003 Gm of lung tissue extract to produce com- 
plete intravasculai coagulation thi oughout a rabbit ” Portal thrombosis fol- 
lowing operations on the gallbladdei , stomach and intestines is rarely observed, 
even though the portal vein is flooded with tissue extracts Patey-® injected 
tissue extract into the pentoneal cavity of dogs and found no subsequent throm- 
bosis If tissue extiacts m the ciiculation w'eie of great importance, throm- 
bosis should extend from the site of operation, but actually the site of opera- 
tion has little to do wuth the point at which thrombosis begins Radical bieast 
opeiations, which aie very traumatic, aie rarely followed by thrombosis while 
operations m the pelvis, especially prostatectomies, more commonly are In 
patients with cardiac decompensation there is no greater release of throin- 
bokinase, if any, than in other coiiespondmgly ill patients and yet the former, 
as pointed out by Belt, have thrombosis far more frequently 

Ovei 100 years ago, Crnveilhiei®® became the chief exponent of the infec- 
tion theoiy of thrombosis He regarded the inflammatory changes m the vein 
as primary and the clotting of the blood as a secondary factor Rosenow 
isolated a diplostreptococcus fiom thiombi Whether the organism w'as the 
cause 01 whethei it lodged there aftei the thrombus had formed remains a 
question Lockhart-Mummeiy®- states, rather definitely, that he does not be- 
lieve sepsis IS the cause of pulmonaiy embolism Repeated observations indi- 
cate that “clean” opeiations are more apt to be follorved by fatal embolism 
than those complicated by infection Sudden fatal embolism strikes wuthout 
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warning the patient who has made an uneventful postopei ative lecovciy, 
while nonfatal and lepeated pnlinonaiy emboli moie commonly follow clinically 
lecognizable thiombophlebitis If infection is an impoitant cause of throm- 
bosis why IS the incidence of thinnibosis and embolism gicatei, as it is, follow- 
ing fiactuie of the neck of the femui than following opeiations foi suppuiativc 
appendicitis^ Why should bacteiiemia cause thiombosis of the pelvic and 
femoral veins and not of the axillai}'’^ Fuitheimoie, why should it pick out 
the left leg moie commonly than the light ^ 

Vessel w^all changes beneath thiombi are conspicuous by their absence 
Aschoff, W elch and Belt found no gi oss oi niici oscopic changes in the w^alls of 
the vein beneath a simple thiombus If pathologic alteiations in the vessel 
walls w'eie of any consequence, thiombosis should be frequent in the aiterial 
trunks wdiei e ^ essel changes ai e commonly extensive and rai e in veins which 
show' few' if any changes The opposite is tiue After an exhaustive post- 
mortem stud}' of fatal embolism Patey-*’ concludes “The veins m these sub- 
jects are exasperatingly noimal ” 

SnelP^ called attention to the fact that the obese patient is moie subject to 
embolism than the patient of aveiage w'eight 

The aveiage age of cases of thiombophlebitis is about 50 yeais, although it 
IS not uncommon in the twenties 

Pievcntwn — Dm mg the past decade, most of the efforts towaid the pre- 
vention of pulmonary embolism have been directed toward combating venous 
stasis 

Kiecke,^'* m 1910, advised deep breaths for postopei ative patients, and 
active and passive movements of the legs and massage 

Pool,®^ in 1913, developed a rather elaborate system of exercises for the 
aims, legs and head beginning on the third postoperative day He also advised 
deep bieathing exercises No ill effects w'ere observed follow'ing these 
procedures 

Blair BelP® states that w'lth the adoption, m 1916, of systematic exercises 
accompanied by deep bieathing, the Gynecologic Service at the Royal In- 
fiimary had changed from the head of the list m both number and percentage 
of deaths to the bottom of the list 

Walters,-®"^ in 1927, advised thyroid extiact postoperatively to combat 
stasis and low' blood pressure, and thereby 1 educed the incidence of pulmonary 
embolism from o 34 to o 09 per cent He combined with this treatment move- 
luent of the arms and legs and frequent turning 

Decourcy®'^ said “I am one of those that believe that venous stasis is the 
most essential factor in the etiology of postoperative embolism ” To combat 
stasis he places his patients m a reveise Fowler position by elevating the foot of 
the bed six inches Schmid,^® likewise, advises that the foot of the bed be 
raised 25 cm immediately after operation and be left there four 01 five days 
Payr®*’ obtained leg action by urging patients to work a w'ooden roller 
placed at the foot of the bed 
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Gamble^" has a bicycle-like device which patients are asked to “wheel” in 
bed He also advises carbon dioxide inhalations the first postoperative day 
and deep breathing exercises thereafter 

Patey'^i lecently suggested postoperative elevation of the head so that pa- 
tients developing a thrombophlebitis might develop an extensive thrombus 
which would stick 

Baines^- emphasizes the importance of acceleiating the return flow of blood 
from the lower exti emities He reports that one of the surgical services at the 
Mayo Clinic has adopted the following regimen The Trendelenburg position 
for the first 24 houis aftei operation, carbon dioxide inhalations several times 
day and night during the fiist 48 hours, and deep breathing, active and passive 
exercises and massage of the legs until the patient is out of bed 

Bancroft"'’ admimsteis sodium thiosulphate to that group of patients 
whose plasma clotting index is high He advises exercise as well 

Muriay and Best® have lecently advanced the possibilities of heparin as an 
anticoagulant foi postoperative patients It has been proven effective in blood 
lessel suigery To give all suigical patients continuous heparin solutions 
intravenously for a number of days postoperatively is obviously difficult and 
at present economically impossible If Bancioft’s plasma clotting index will 
successfully pick out those few patients with tendencies to thiombosis, heparin 
may become a valuable addition to the armamentarium foi combating post- 
operative pulmonary embolism 

Fiom the above review it is apparent that the general trend of medical 
opinion has been toward suppoit of venous stasis as the pi unary contributing 
factor 111 thiombosis and embolism Most men agiee that activity is essential 
foi postopeiative patients, but few have followed thiough with a definite 
scheme of exeicises easy of accomplishment 

Clinical — Believing that deep inspiration, leg elevation and muscular con- 
traction Mill assist 111 sweeping out the pelvic and fenioial veins, it was decided, 
111 192S, to adopt postoperative exeicises routinely whenevei possible The 
following ordei, taking effect the morning after operation, was written for 
patients above 12 years of age (The few execeptions weie those seriously ill 
patients who weie unable to cany them out and those who, it was thought, 
should conseive then strength ) Haz^e the patient take 15 deep heaths nwin- 
ing and evening and with each deep heath actively flex the legs It was 
concluded from experiments on dogs (to be repoited later) that the combina- 
tion of a deep breath with active flexion of the legs would be most effective, 
the deep breathing tending to aspirate the blood from the pelvic basin, con- 
ti action of the leg muscles squeezing the blood into the veins and elevation of 
the knees making the blood lun out of the femoial veins by giavity The 
choice of 15 deep breaths and leg flexions and then lepetition twice a day was 
entiiely arbitrary 

The amount and type of postoperative activity are too frequently left to the 
disci etion and memory of the flooi nurse It is necessary to explain to the 

560 



Volume 111 PULMONARY EMBOLISM 

Jvumber 4 

nurse in charge, and fiequently to the patient, how the above older is to be 
carried out If the postoperative exercises are of value— and most surgeons 
believe they are — the necessity of having them carried out routinely by itten 
0} del IS apparent 

Results — I hesitate to wiite the following sentence because puie coinci- 
dence so often leads us astiay m evaluating therapeutic procedures In no 
case during the past ii years, during which peiiod this regimen has been 
carried out, has there been a case of pulmonary embolism or thrombophlebitis 
During this period, 518 adult patients underwent major surgical pioceduies 
and carried out the above breathing and leg exeicises The operations con- 
sisted of appendicectomies, cholecystectomies, common duct explorations, 
gastro-mterostomies, intestinal obstructions, colon resections, exploratory 
celiotomies, herniotomies (inguinal and vential), thyi oidectomies, ladical 
breast amputations, etc Operations upon children undei 13 years of age, 
minor cases such as hemorrhoidectomies, benign breast tumois and minor in- 
fections — in fact, all cases lequning a short hospital stay and only paitial 
restriction of activity — are not included 

While the series of cases is small it assumes some impoitance when it is 
contrasted with the group of patients who seived as controls In this group 
were 95 patients with fi actures of the leg, thigh, hip, pelvis or spine All were 
confined to bed and completely inactive in leg or body encasements, 01 traction 
Five cases of thromboplilebitis developed, thiee of which were followed b)^ 
nonfatal pulmonary emboli They are briefly leviewed 

ABBREVIATED CASE REPORTS 

Case I — Mrs W , age 33, developed extensive thrombophlebitis in the left femoral 
vein 14 days after fracture dislocation of the right sacro-ihac joint Slow resorption fol- 
lowed but swelling of the leg persisted for four years 

Case 2 — Mr H , age 65, was confined to bed with multiple bruises and a fracture 
of the external condjde of the left tibia which was immobilized in a plaster encasement 
from toes to groin On the twenty -first day after injury, thrombophlebitis involved the 
left femoral and iliac veins causing extensive edema of the entire leg, groin and left half 
of the abdominal wall Pulmonary infarction of the left lower lobe followed a few days 
later but cleared spontaneously 

Case 3 — Mrs C , age 67, immobilized m a Whitman abduction spica for fracture of , 
the neck of the left femur, had an infarct of the lower lobe of the right lung eight days 
after the spica was applied Thrombophlebitis did not manifest itself until five days latei , 
when swelling of both legs and the pelvis became so marked that the spica had to be split 
The pulmonary infarction cleared spontaneously, after a very critical period, under con- 
servative treatment Swelling of both legs persisted for months The fracture healed 

Case 4 —Mr E , age 42, developed a very mild thrombophlebitis in the left leg fol- 
lowing open reduction of a fracture of the patella Two minor pulmonary infarctions, one 
associated with expectoration of blood, occurred after the patient had been discharged 
from the hospital 

Case 5 Mr B , age 31, had a severe fracture dislocation of the first lumbar vertebia 
which completel} severed the spinal cord He died six days after injury Although there 
were no clinical signs of thrombophlebitis during life, at autopsy a large white and red 
thrombus was found m the right iliac vein and one embolus in the lung 
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RLSUMi: 

(1 ) Fioin a levievv of medital IiteiaUtie, and fiom my expeiience. stasis is 
one of the most impoitant causes of venous thiombosis 

(2) It appeals that loutme breathing and leg exeicises aic of value 111 
the pieventiou of postopei ative thrombosis and embolism Only years of 
expeiience with many cases can finally prove the value of this proceduie I 
have been able to detect no ill effects fiom it Ceitainly, the exeicised patients 
feel less weakened when they get out of bed than those who have been inactive 

(3) No clinically lecognizable thrombosis or embolism occurred in 518 
patients who, postopei atively, carried out these exercises 

(4) Five cases of thrombophlebitis, three of vhich were associated with 
nonfatal pulmonaiy embolism, occuired in the control gioup of 95 patients 
w ith f 1 actures which required complete immobilization 
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I ROM THF DFPVUTMINT OI- SUIlOFin COI Lb3E OF MEDICINE ST\Tf UNHIRSITl OF lOU V lOW V CITl lOU V 

In a pievious communication by Hyndman and Landt, ^ it was stated that 
no lefeience could be found concerning the effect of pulmonaiy vein ligation on 
pulmonai}^ tubeiculosis The authois have since learned, howevei, that 
Walsh“ suggested this as a theiapeutic possibility m 1907 ^Valsh was stimu- 
lated by the fact that pulmonaiy tubeiculosis and initial msufffciency aie infie- 
quently associated His woik consisted m an attemjit to ligate the pulmonary 
veins of dogs but the opeiative mortality was 100 pei cent since no precaution 
was taken to pi event collapse of the lungs when the chest was opened 

In continuing oui studies relative to congestion, we selected the dog be- 
cause we expected to be piovided with a piogiessive pulmonaiy lesion aftei 
endobi onchial injection of viiulent human tubeicle bacilli Although Fish- 
berg'* states that pigs, dogs, cats and sheep aie not at all affected by human 
tubeicle bacilli. Petit and PanisseU found that aftei endobronchial or tians- 
pulmonary injection into the lung of the dog and hoise, a piogressive lesion 
was initiated wdnch lemained limited to the lungs and wdnch produced casea- 
tion and cavitation much the same as is found 111 the human Opie^ states that 
tubeiculosis occuis wnth reasonable frequenc)'' among both domestic and wild 
Carnivoies thioughout the woild, its incidence being 3 to 5 per cent in dogs 
and o 5 to 2 pei cent m cats The lesion is a fibi ocaseous mass with cavita- 
tion Although oui fiist animal died with ovenvhelmmg pulmonary tubercu- 
losis thiee months after endobronchial injection of o 2 cc of milky suspension, 
there w'^as only one other piogiessive lesion in a gioup of 24 dogs receiving i 
to 3 cc of a milk}'^ susjiension of bacilli into each lung 

In a pievious expeiiment wath guinea-pigs * the authois stated a conviction 
that a piogiessive lesion is necessary in the contiols, if a propei test of any 
theiapeutic device is to be made Upon this basis, we wmuld have to eliminate 
the dog as a suitable expeiimental animal foi oui pin poses Howevei, the 
diffeience in mannei of healing of a tubeiculous lesion m the congested as 
compai ed with the uncongested lung w'^as so sti ikmg that w e feel it wmrthy of 
publication This obvious diffeience in the mannei of healing applies only 
to those lesions pioduced by endohi onchial admmistiation of laige doses of 
tubeicle bacilli 

Operative Procedure — All intiathoiacic operative woik w^as pertoimed 


Submitted for publication February 17, 1939 
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undei positive pressure ether anesthesia, using the simple and effective appa- 
latus described by Livingston and Hidina® Dogs of aveiage size received 
I gi of moiphia iiiti amuscularly one-half houi preceding anesthesia 

It was concluded that the left side was more suitable than the right for 
ligation of the pulmonaiy veins, as on the left the veins entei the hilus as three 
definite trunks, easily available for the passage of a ligatuie, while on the right, 
the trunks divide early into smaller blanches and the blanching is inconstant 
Ligatuie of all of the veins on the left at one operation was concluded to be 
advisable and not m the least incompatible with life 

Through an incision three inches long m an interspace opposite the xiphoid 
process, a ligatuie of black silk was passed aiound each of the three pulmonary 
veins on the left and tied secuiely 

Aftei ligating a vein, the lobe which is drained by that vein immediately 
assumes a brick-red color and there is a slight appeal ance of cyanosis m the 
unligated lobes The cause of this phenomenon is obvious, but it illustrates 
that when dealing with congestion of the pulmonary ciiculation one is faced 
with factors that are different from those in other tissues, inasmuch as stag- 
nant blood in the pulmonary circulation becomes saturated with oxygen rathei 
than carbon dioxide The effects of obstructed venous flow soon manifest 
themselves, however, for within 24 hours the affected lung becomes swollen, 
boggy, daik purple and nonaii containing The liver-like consistency appears 
not unlike that m the red hepatization of lobai pneumonia Microscopically, 
the parenchyma presents a mass of closely packed red blood cells among which 
the alveolar outlines are greatly obscured At this stage there is a small 
amount of thin, serosangumeous fluid m the pleural cavity and m the bronchi 
of the affected side 

Aftei a month, it is very striking to see how the completely ligated lung 
has become lestored The visceral pleura becomes thickened but is adheient 
to only the line of incision The interlobar pleuial sui faces, however, become 
firmly adherent with considerable scar foimation Seal tissue is stiikingly 
absent thioughout the parenchyma Theie is evidence of acute emphysema 
with ruptuie of alveolai walls, and this change occuis to some extent m the 
unoperated lung Otherwise the operated lung is an containing and func- 
tioning 


part I 

Organisms Disseminated by Intravascular Administration 

Fresh suspensions of tubeicle bacilli in normal saline were made for each 
day’s experimentation by shaking cultures of six weeks’ growth with glass 
beads The Gluckson human strain^ was used and subcultui es made on 
glycerin gentian violet potato media 

Exper I, Oc/obe> 2i, jpjj— Under positive pressure ether anesthesia, 02 cc of a 
We were provided with the Gluckson strain through the kindness of H J Corper 
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milky suspension of bacilli diluted in 6 cc normal saline was injected into the light ventricle 
of the heait After five minutes the vein to the upper lobe of the left lung was ligated 

Novembc) 6, — Under anesthesia, the left chest was opened No evidence of 

tuberculosis was seen on the surface of the entire left lung The left upper lobe of the 
lung was adherent firml> to the middle lobe There was no gross appearance of congestion 

Novcmbc) 30, 1^31 — Forty days after inoculation, the animal was killed and presented 
no evidence of tuberculosis in the lungs, liver, spleen or kidneys 

Exper II, Octobc) 2ij 1^31 — Same as Exper I, except 0 i cc of suspension was 
used in 6 cc saline and the vein to the left middle lobe was ligated 

March 2, 1^32 — One hundred and thirty-two days after inoculation, the animal was 
killed and showed no evidence of tuberculosis in the lungs (microscopically) or grossly in 
the liver, spleen or kidneys The left middle lobe was adherent to the upper and lower 
lobes It was slightly contracted but on a cut-surface appeared almost as air containing 
as the upper and lower lobes 

Exper III, Octobci 22f 1^31 — A small mongrel received i gr of morphia Two- 
tenths cc of a milky suspension of bacilli diluted in 6 cc normal saline was injected into 
the left femoral vein 

Maich 21, ip32 — One hundred and fift} da3S after inoculation the left chest was 
opened under anesthesia No evidence of tuberculosis was seen on the surface of the left 
lung All three veins to the left lung were ligated The incision was closed and 3 cc of a 
milk> suspension of bacilli injected into the left femoral vein 

Apnl 21, 1^32 — Twent3^-two dajs after ligation and second inoculation, the animal 
was killed Miliary tubercles averaging 2 Mm in diameter were rather evenl}'’ scattered 
over the pleural surfaces of both lungs The parench> ma revealed no gross lesion There 
was no appreciable difference in the number, size or microscopic character of the lesions 
on the two sides 

Exper IV, Octobo 22, 1^31 — A small mongrel received i gr of morphia Two- 
tenths cc of a milky suspension of bacilli diluted in 6 cc normal saline was injected into 
the left femoral vein 

Dcceinbcf 22, 1^31 — Sixty days after inoculation the left chest was opened under 
anesthesia No evidence of tuberculosis w'^as seen on the surface of the left lung All three 
veins were ligated 

Ma)ch 2, ig32 — One hundred and thirty-one days after inoculation, animal was killed 
and revealed no tuberculosis (microscopically) in the lungs or grossly in the liver, spleen 
and kidneys 

Exper V, July 12, 1^32 — Two small mongrels received each i gr of morphia Three 
cc of a milky suspension of bacilli were injected into the left femoral vein of each One 
animal died in 41 days and the other in 44 days Both revealed an overwhelming miharj 
seeding of the visceral pleura and enough involvement of the parenchyma to give the lung 
a “shotty” feel 

Summary — As much as 02 cc of a milky suspension of bacilli injected 
into the light heart 01 femoial vein failed to produce evidence of tuberculosis 
m the lungs in 40 to 150 days 

In one dog, all left pulmonaiy veins were ligated and 3 cc of a milky sus- 
pension injected into the femoral vein Aftei 22 days the pleura of both lungs 
was studded with miliary tubeicles There was no gioss or microscopic dif*- 
feience m appeal ance of the tubercles on the two sides and they were approxi- 
mately equal m number 

Two dogs received each 3 cc of a milk)^ suspension intravenously and died 
m 41 and 44 days with overwhelming miliaiy seeding The visceral pleuia 
was markedly studded but the parenchyma was much less involved 
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CONCLUSIONS 

(1) Dogs aie considerably resistant to human tubercle bacilli injected into 
the blood stieam 

(2) Pulmonaiy congestion appeals to have no influence upon the numbei 
01 pathologic character of tubercles which develop 111 the pleura, after mtia- 
vasculai injection (one dog) 


PART II 

Endobronchial Administration of Organisms 

Dogs of average size received to i gi of moiphia mtianiuscularly and 
in one-half hour an intrapei itoneal injection of a 10 per cent aqueous solution 



ShottinfT ca\itj with obliterated \essels 
111 iinoperated lung middle lobe (b) Showing scar formation in oner 
itcd lung, lower lobe ‘ 


of sodium amytal (55 mg pei kilo of body weight) With the aid of a hion- 
choscope, a ureteral cathetei was placed in a primary bronchus as far as it 
would go A suspension of tubercle bacilli was then injected with the lung 
111 a dependent position The inoculum was followed by several syringes full 
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Tig I (c) — Photomicrograph of section taken from (a) M Margin of 

ca\itj 



Fig I Cd) — ^Photomicrograph of section taken from lesion in (b) There is 
a greater degree of vascularization of the caseous tissue than in (c) 
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of an to empty the cathetei The same dose was always injected m each side 
Microscopic Appeal mice of Lesions — ^Lesions produced in this way revealed 
caseation with surrounding atelectasis and cellulai infiltration Endothelioid 
cells, small round cells and desquamated pigment containing alveolar cells 
filled alveolae Giant cells weie never seen 



Fig 2 — No 21 (a) Showing cavity m unopernted lung, 

lower lobe (b) Showing diffuse healing lesion without cavitation in 
operated lung, lower lobe 

The only micioscopic difference of any possible significance that could be 
detected in the congested and the uncongested lungs is that m the former thei e 
seemed to be a greater tendency towai d vascularization with no sharp transi- 
tion between caseous and viable lung, and this was evident to a striking degree 
m only one animal In the uncongested lung the caseous tissue was rather 
sharply delimited from viable tissue (Fig i) 

Experiments 

Dog No 16, Fcbi Italy e$, —One-half cc suspension (Gluckson strain) 

deep into each mam bronchus 
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Fig 3 — Dog No 29 (n) Shouinpr exterml npoeinnce of 

lungs Note the pleural thickening on the operated side (L) The 
shaggy portion ^\as adherent to the line of incision in the parietal 
pleura Large lesions may be seen in both lower lobes 



Fig 3 (b) — Cut surface of operated lung showing a contracting scarred lesion (S) and a large 
caseating lesion without caMtation (c) Cut surface of unoperated lung showing discrete caseating 
lesion in lowei lobe with beginning ca\itation 
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Mmch 21, 19^2 {24 days) — Left chest opened Laige caseous mass noted in lower 
l()!)e All pulmonary veins ligated 

Jtily 5, 19^2 (130 days) — Animal killed Right (unopeiated) side, cavitj found in 
middle lobe Left (opeiated) side, scaned lesion found m lower lobe Fig i) 

Dog No 21, Match 23, 1932 — One-quarter cc milky suspension deep into each mam 
bronchus After three hours, all pulmonary veins on left ligated 

July 6, 1932 (104 days) — Animal killed Right (unoperated) side, cavity found m 
lower lobe Left (operated) side, diffuse scan mg m lower aspect of lower lobe (Fig 2) 
Dog No 29, Jttly 21, 1932 — One cc milky suspension deep into each mam bronchus 
July 25, 1932 (font days) — All left pulmonary veins ligated 



A 


Fig 4 — Dog No 30 (a) External appearance of lungs sho^\lng 

multiple discrete lesions m the unoperated lung (R) 

Sepfevibc) 1932 (4S days) — ^Animal killed Right (unoperated) side, beginning 
cavitation in lower lobe Left (operated) side, scarring and caseation without beginning 
cavitation in lower lobe (Fig 3) 

Dog No 30, July 21, igs^ — One cc milky suspension deep into each mam bronchus 
July 25, (foni days) — ^All left pulmonary veins ligated 

Scpfcmbc} 7, (48 days) — Animal killed (was emaciated and hind legs para- 

l>zed) Right (unoperated) side, clear-cut disseminated lesions chiefly in lower lobe 
Left (operated) side, moie diffuse and less evident lesions in lower lobe (Fig 4) 

Dog No 31, Jttly 21, rg32 — One cc milky suspension deep into each main bronchus 
July 2 Sj ig32 (foui days) — All left pulmonary veins ligated 

Septcmbet 7^ ( 48 days) — ^Anim^l killed Lesions found in right accessory and 

left lower lobe They did not diffei greatly m appearance (Fig 5) 

Dog A, Januaty it, ig33 — All left pulmonary veins ligated 

Janmty 16, ig33 (five days)— One cc milky suspension (of a human culture from 
case of epididymitis) deep into each mam bronchus 

April 26, ig33 (100 days) — ^Animal killed Right (unoperated) side, cavity m lower 
lobe Left (opeiated) side, diffuse inconspicuous lesion in lower lobe Verified micro- 
scopically (Fig 6) 
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V\G 5 (b) — Cut surface of lesions in oper-ited lun^ (L) and unopeiited lunp: (R) The lesions on 
the tuo sides do not diftei gieatl^ in appeaiince this stage (48 da>s) 



Fig 6 — Dog A (a) Mild, diffuse and inconspicuous lesion in 
operated lung, lower lobe (b) Ca\itN with obliterated vessels m un 
operated lung, lower lobe 
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Dogs B and C — Same as for Dog A Lesion found in both lungs, not differing 
greatly on the two sides and without cavity formation 

Dog D — Same as for Dog A This animal died 83 days following injection with 
ovei whelming caseating lesions on both sides 

Dog E, Jammy 16, ipjj — One cc milky suspension deep into each mam bronchus 
Jammy 31, 1Q33 (13 days ) — All left pulmonary veins ligated 



/f 


Fig 7 — Doff E Lesions m the lower lobes of both lungs, L oper 
ated and R iinoperated 

Ap)il g, Jpjj (S3 days ) — Animal killed Cavities in both lower lobes not differing 
gieatly in appearance (Fig 7) 

Dog F — Same as for Dog E Killed 100 days after injection Small lesions in both 
lungs not differing greatly in appearance and no cavities 

Dog G, Januaiy 23, jg33 — One and one-half cc milky suspension deep into each 
mam bronchus 

Ap)il 26, J933 (gi days ) — Animal killed Beginning cavitation m caseous lesion in 
both lower lobes Lesions did not differ in appearance (Fig 8) 

Summary — Aftei endobi onchial injections, lesions nnifoiinly developed 
in the dependent parts of both lungs After 48 days the lesions wei e web ad- 
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vanced in llie caseons stage Cavitation was either just beginning or not pies- 
ent At this stage, the lesion in the congested lung did not appear veiy 
dilteient fiom that in the unopeiated lung except in Dog No 30 Heie the 
lesions weie scatteied and appealed clean-cut and solitaiy on tlie unopeiated 
side nhile on the congested side they weie diftuse and inoie conduent 



Fig 8 — Dog G IZqui\aIent lesions "with beginning cavitation 
in the lo^er lobes of both lungs The pulmonary \ems were not 
ligated in this animal 

Ligation of pulinonaiy veins was delayed in two dogs, 15 and 24 days after 
inoculation In the fiist of these, 83 days later, cavity containing lesions 
appeared much the same m both lowei lobes In the second, 130 days later, a 
cavity was present on the unopeiated and a scaiied lesion on the opeiated 
side 

In five dogs the veins weie ligated vithin five days of inoculation (In 
one of these the veins were ligated befoie inoculation ) One died after 83 
days of overwhelming caseous lesions on both sides Two, after 100 days, 
presented caseous but healing lesions without cavitation and not differing on 
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the two sides Two dogs, after loo and 104 days, presented a well formed 
cavity on the unoperated side and a scarred lesion on the operated side 

One unoperated dog presented beginning cavitation in equivalent lesions 
on the two sides 91 days after inoculation 

The only cavity that developed in a congested lung was in Dog E, m 
which the veins weie ligated 15 da)fs following inoculation On the other 
hand cavities developed in six unoperated lungs in this series 

CONCLUSIONS 

( 1 ) The dog has a remarkable power of healing large endobronchial doses 
of human tubeicle bacilli Advanced caseous lesions appear in 48 days, and 
in 100 to 130 days only benign appearing cavities remain, as a rule 

(2) The manner m which equivalent lesions healed in the same dog dif- 
feied notably in the congested and uncongested lungs 
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PERSISTENT SPINAL FLUID FISTULA DUE TO FOREIGN BODY 

ASSOCIATED WITH STAB WOUND OP THE HEABT WITH RECOVERY 

David H Smith, MD 
New York, N Y 

FROM THE SnROIC\L SEHMCE, HJlHLESt HOSPITAL. TOHK, N 1 , BK LOB18 T ^IRIGIIT, DIHECTOR 

Review of the readily available American literature leveals only thiee 
references to cerebrospinal fluid leakage caused by the piesence of a foreign 
body Ball and Spurbng^ report an instance of a cerebrospinal fluid leak 
due to a fistula of the cisterna magna, caused by a stab wound in tins region 
This patient drained 17 days On the twelfth day, a meningitis developed 
from which the patient recoveied Sliawan^ reports a case of stab wound 
of the neck followed by leakage of ceiebiospmal fluid, but without cord 
damage In this case, the causative knife blade was lenioved opeiatively 
and the patient recovered Rand and Patterson,^ in an extensive aiticle 
on stab wounds of the spinal cord, repoit seven cases, only one of which 
showed drainage of cerebrospinal fluid and no case showed the presence of 
a foreign body Owen^ reports a case m which a foreign body was present 
but m which there was no fistula or coid injury lesulting 

In the foreign hteiature, Oith,^ and Mavrodin and Tzovaru® report 
cases of wounds of the spinal coid with the diainage of spinal fluid 

Case Report — Hosp No 109558 E N , colored, female, age 25, was admitted to 
the Harlem Hospital, August 8, 1938 She had been stabbed and slashed m the back of 
the neck, left face, left breast and left hand She was cold, perspiring profusely and m 
severe collapse, complaining of inability to move her extremities 

Physical Examination — The essential stab wounds showed a one-half inch vertical 
laceration at the level of the thud cervical spinous process just to the right of the mid- 
line There was a one-half inch laceration of the left breast in the lower outer quadrant, 
with the breast in the dependent position (Fig i) This was m the anterior axillary line 
at the level of the fifth rib Five inches internal to this, at the margin of the sternum, there 
was tenderness on slight pressure Blood pressure 60/32 , temperature 97 8° F , pulse 
imperceptible Auscultation of the heart revealed only an occasional audible beat She 
was immediatel} operated upon 

Operation — Dr David H Smith Under general anesthesia, a flap of skin, subcuta- 
neous tissue and muscle, extending from the second to seventh rib was reflected (Fig i) 
The fourth and fifth costal cartilages and portions of the ribs were removed The internal 
mammary artery was then ligated The three-quarter inch vertical tear in the pericar- 
dium was enlarged to three and a half inches, exposing the heart There was noted a 
one-half inch transverse laceration of the left ventricle situated one inch above the apex 
This was oozing blood The undei surface of the heart opposite this wound presented a 
one-quarter inch subpencardial hemorrhage The pericardial sac contained about 100 cc 
of blood The left pleural cavity contained about 300 cc of blood Three interrupted 

Submitted for publication Januarj' 12, 1939 
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black silk sutures were used to approximate the wound of the anterior surface These 
were left long and seived as tractors, the heart not being manually handled The heart 
was lotated by these sutures and a single silk suture used to bury the hemorrhagic area 
in the light ventricular wall The pericardial wound was resutured leaving a gap of 
three-quartei s of an inch for drainage into the left pleural cavity The wound was closed 
in layers, the lung being sewn to the wound margins A rubber dam drain was inserted 
just beneath the fat, at the lower angle of the wound 



Tk I — SIio\\inff the opeintne inci‘;ton niK] scti Biciht shows the stnb 

w omul 


After the stait of the opciation the patient icceived 500 cc of 5 per cent glucose in 
saline followed b}'’ a 500 cc whole blood transfusion A laige bore needle was inserted 
into the left upper chest antenorh in the second interspace to drain off excess air, and 
under water drainage was thus established The opeiation consumed one hour and 
15 minutes 

Postope) aiivc Course — The fiist postoperatue day, the patient lecened another 
transfusion of 500 cc The blood pressure rose to 11S/70 She was able to move her 
limbs slightly The pneumothorax leading vas —i, 0 

The second postoperative day, oral sulfanilamide therapy was started and she iecei\ed 
30 gr daily during the next 15 days On the second da) she received a 250 cc trans- 
fusion and was also taking fluids b) mouth 

On the thud postoperative da^, the patient exhibited a paresis of the entire right side 
of the body with an absence of sensation in the right arm The neck was discharging 

578 



A olumc 111 
Is umber 4 


SPINAL FLUID FISTULA 


a pale, 3'ellow, opalescent fluid which was gross!}’- similar to spinal fluid During the 
first week, this fluid continued to discharge from the neck Its reaction was alkaline, 
and contained sugar 52 mg , sodium chloride 660 mg The laboratory reported that the 
tests would indicate that this fluid was spina! fluid but due to the presence of blood this 
could not be determined with absolute certainty 

B}'- the fourth postoperative da}'-, the drainage of this fluid was very profuse Smear 
showed polymorphonuclear leukocytes and gram-negative Bacilli Culture showed 
B coh On several subsequent occasions this fluid shoi\ed cultures of B coli 

During the first week the tempeiature fluctuated between 101° and 102° F 



L 

3 


Chart i — T he electrocardiogram made on the dav follow ing operation showing high 

ST HKe off in Leads i and - 



The electrocaidiogram, the day following operation (Chart i), show’ed high ST 
take-off in Leads i and 2, indicating coronary changes One w’eek later, the EKG 
showed sinus rhythm and no evidence of injury to the pericardium or mjocardium 
(Chart 2) Tw’o subsequent, w’eekly EKG's show’ed no abnormality, yet another, 

taken six weeks after the injury (Chart 3), showed m Lead r, a prominent P w'ave and a 
slurred R w'ave Leads 2 and 3 show’ed inverted T w’aves, indicating myocardial damage 
Roentgenologic examination of the chest immediately postoperative show’ed a pneu- 
mothorax on the left side with partial collapse of the lung 

Further progress w’as satisfactory except for a paresis of the right arm 
Spinal tap w'as first done two weeks after injury The fluid w'as clear The cell 
count W'as eight lymphocytes and the pressure 150 Mm The tap w'as done because 
of headache and a persistently iigid neck Roentgenograms of the cervical region, on 
several occasions, w'ere unsatisfactory because of difficulty in getting the patient into 
good position 

Four w'eeks after operation, the patient W'as out of bed in a w’hcel chair She was 
allow’ed up each da} m the chair for the next ten days At the expiration of this 
time, her progress w’as so marked that she w’as allow’ed to W'alk about ten feet She 
then W’as returned to bed Fifteen minutes later, she complained to the nurse that 
she W'as unable to move her arm or legs 
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Chart 3 An ele^rocardiogram made six weeks after injury, with Lead i shelving promt 
nent P and slurred R Leads 2 and 3 show an inverted T wave 
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Neurologic e\aniination showed loss of sensation from the clavicles down There 
was loss of sphincteric contiol (both urine and feces) and complete loss of motion 
of the extremities w'lth the exception of the left arm, which was paretic The right 
biceps reflex w'as absent All other deep reflexes w'ere h}peractive There w'ere bilateral 
ankle clonus and bilateral Babinski signs Rigidity of the neck was marked There 
W'as bilateral papilledema amounting to four diopters It w'as felt there w'as a root 



lesion at C5 01 6, right side Spinal tap w'as again performed The fluid was clear 
and showed five Ij mphocytes , pressure 415 Mm Kahn negative Colloidal gold showed 
no abnormality The Queckenstedt w'as negative 

Because of the cord symptoms, the neck w'as again roentgenographed A broken 
knife blade w’as visualized, apparentlj between the third and fourth cervical vertebrae 
(Fig 2, A and B) 




Fig 3 — Photograph of knife blade extracted 

Forty-Six days after the initial injury, the patient was reoperated upon A midline 
posterior cervical incision was made under local anesthesia (i per cent novocain) and 
the tissues incised down to the bodies of the vertebrae A sinus tract led down to the 
third cervical vertebra through which the spinal fluid had ceased to dram three weeks 
previously After a tedious search, the knife blade was finally discovered, a distance 
of about one and one-quarter inches, between the bodies of the third and fourth cervical 
vertebrae, right side It protruded about one-quarter inch into the spmal canal (Fig 3) 
There was no leakage of spinal fluid Culture of the tissues later showed Staphylococcus 
albus The wound was lightly packed with iodoform gauze The operation took one 
hour and 40 minutes 
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Three days following this operation, muscle strength began to letuin There was 
also a desire to urinate But the papilledema did not subside 

Two months following this second operation, motor power of all the extremities 
was ver> good Howeier, there was occasional urinary incontinence and some difficulty 
in suppoiting the bod^ weight The thoracic incision had completeh healed and there 
was no abnoimal pulsation in the precordial area 

Comment — (i) This case is unusual in that theie was present a fistula 
of spinal fluid which diainecl fiom the open dura in the cervical portion 
of the canal for 25 days And yet, even in the piesence of a foieign body, 
infection of the meninges did not occui 

(2) Because meningitis commonly complicates spinal cord mjuiies of 
the above type, and because suj^puiative peiicarditis is often the lethal factor 
following stab wounds of the heait, it is stiongly recommended that sulf- 
anilamide be given these cases 
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ATRESIA AT THE DUODENOJEJUNAL JUNCTION' 


SUCCESSFUL RESULT IN A THREE-DAY-OLD, ONE-iMONTH-PREMATURE INFANT 
WEIGHING FOUR POUNDS TWO OUNCES 

DeWitt Stetten, M D 

New York, N Y 

Congenital obstructions of the upper intestinal tiact have beeii'iecog- 
nized since Calder’s^ fiist repoit, in 1733, hut appaiently the diagnosis was 
usually ovei looked 01, if made, the treatment was unsuccessful, because, as 
late as 1922, Davis and Poyntei- repoited on 392 cases of congenital in- 
testinal occlusions of all paits of the intestinal tiact above the anus, collected 
fiom the hteratuie, eithei autopsy 01 opeiative findings, with only two 
lecoACiies aftei enteio-entei ostomy — a moitalit)'- of neaily 99 5 pei cent The 
fiist lecoveiy m a case of atiesia of the louei ileum is ci edited to Fockens,^ 
m 1911, and the second in a case of atiesia of the second poition of the 
duodenum below the papilla to Einst,"* m 1916 They also showed that the 
condition is not exceptionally laie, because they estimated that it occuried 
about once in 20.000 infants, and that m 15 pei cent the atiesias are multiple 
and moie 01 less beyond the aid of suigeiy Quite a numbei of opeiatn^^e 
successes m high occlusions have been lepoited since Fockens’ fiist case, 
notably by Ladd,’^ Moiton and Jones,® and McIntosh and Donovan,' all of 
whom have lepoited on multiple expeiiences, wnth a laige piopoition of 
satisfactory lesults and a giadually inci easing 1 eduction of the postopeiative 
death late Stenson^ has also lecently lepoited an operative success 111 a 
case of extimsic duodenal atresia occurimg m a prematuie twun To these 
I wush to add the appended successful operative lesult 111 a case of mtimsic 
total atiesia at the duodenojejunal junction As fai as a lathei caieful 
seaich of the hteiatuie leveals, the patient is the youngest one — also taking 
into consideiation his one month’s prematuiity — which has lecoveied 

Case Report — E H, white, male, age three days, -was born Maicli 29, 1938, at 
Lenox Hill Hospital It ivas the first child and one month premature Weight at birth 
four pounds ii ounces It did not retain any feedings and vomited bile-stained material 
from birth, and had passed onh^ a few meconium stools It became increasingb'^ jaundiced 
and had lost nine ounces when first seen by the author m consultation with Dr Jerome S 
Leopold, April i, 1938, wdien it was three dajs old 

Physical E\aminatwn — The child was a verj^ small, feeble, emaciated, deeply jaun- 
diced, quite delwdrated infant weighing four pounds tw'o ounces The abdomen was 
somewdiat distended There was a decidedly dilated stomach, with visible gastric peristal- 
sis, and an indefinite sausage-hke mass could be palpated running obliquelj’ from the 
right upper to the left lowAr quadrant Roentgenologic examination of the ahmentan 

* Presented before the Joint ileeting of the New' York Surgical Societi and the 
Philadelphia Acadenij of Surgery, New' York, N Y, Februarj 8, 1939 Submitted for 
publication April iS, 1939 
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tract showed a normal esophagus, a considerably dilated stomach with active peristalsis, 
a wide open pylorus, and a tremendously distended duodenum with a complete obstruc- 
tion at what appeared to be the duodenojejunal junction There was absolutely no 
passage of barium beyond the point of obstiuction after three and one-half hours (Fig i) 
The blood count showed 170 per cent hemoglobin and 5,500,000 red blood cells — the result 
of the dehydration 

Opoation — April i, 1938 Di DeWitt Stetten Preoperative gastric lavage Under 




Fig I — Preoperative gastrointestinal roentgenographic series sllo^\lng normal 
esophagus, considerably dilated stomach, with active peristaltic changes, u ide open 
pjlorus, tremendously distended duodenum, complete obstruction at duodenojejunal 
junction, and absolutelj no passage of barium bejond point of obstruction after three and 
one half hours 


ether-drop anesthesia the abdomen was opened through a median epigastric incision 
extending below the umbilicus There was a moderate amount of slightly sanguineous, 
bile-stamed, serous fluid in the abdominal cavitj’^ Opciatwe Pathology A considerably 
dilated, somewhat thickened stomach was found with a wide open pylorus from which 
ran a huge, tensely distended, markedly injected, sausage-shaped duodenum of a yellowish- 
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piiik coloi, occup3'ing a good part of the abdomen It was about one and one-quarter 
inches in diameter and ran from the right upper to the left lower quadrant It was 
apparentlj" entitely inti apeiitoneal, with a distinct mesenten The wall was defimtelj’' 
thickened The distended duodenum teinnnated abruptly, closed by a total, intrinsic 
diaphragmatic atresia, and continued in a much contracted, thin-walled jejunum which 
was not much more than one-eighth of an inch in diameter, about the size of the bulb of a 
mouth theiinometer The balance of the small and large intestine was crowded over to 
the left side of the abdomen, and the ileocecal junction, with a tiny appendix and a rathei 



Fig 2 — Drawing* showing findings at operation and operative procedure Note 
the dilated stomach with wide open pylorus and huge distended intraperitoneTl duode 
num with total intrinsic diaphrTgmatic atresia at duodenojejunal junction much con 
tracted jejunum and tleum, arrested lotation of cecum, and duodenojejunostomj at low 
est point of obstructed duodenal loop 

primitive cecum, lay m the angle formed bj'^ the stomach joining the duodenum — indicat- 
ing an arrested rotation of the colon (Fig 2) The patency of the jejunum below the 
obstruction was tested and, mcidentallj, the lumen of the much contracted intestine was 
widened slightly by the injection of saline solution through a hypodermic syringe, as 
suggested first by Clogg® and, subsequently, by W ebb and W angensteen On finding 

the lumen patent, a tj’^pical lateral, quite satisfactory antipenstaltic duodenoJeJunostom^, 
about five-eighths of an inch in length, was made, emplojung a double row of very fine, 
continuous silk sutures at the lowest possible point of the duodenal loop, without the use 
of clamps When the duodenum was opened the bile-stained barium and food residue 
spurted out under marked pressure There uas some difficulty in making the anasto- 
mosis and preserving the jejunal lumen because of the extreme disproportion between the 
size of the duodenum and the jejunum, and also because of the marked difference in the 
thickness of the walls of the two sections of the intestine To give a practical illustration 
of the technical problem in\olved, the procedure might be compared to the establishment 
of a lateral anastomosis between a normal adult jejunum and an average-sized 7md}an 
cephalic vein The abdominal wall was closed in the usual manner m three layers with 
tiirough-and-through silk sutures through the skin and fascia 
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Posfopc) ativc Coin SC — The child was put on feedings of bieast milk, placed in an 
incubator, given a small citrate transfusion and lepeated clyses The operation was ver} 
well boinc bv the infant, and there was onh a slight use of temperature to 1014° F 
12 hours after operation This, however, immediately dropped to normal and remained 
there Three days aftei the operation, the babv had several small, loose, yellow stools 
containing barium, bile and milk curds The jaundice, probabh obstiuctive m character 
and due to an edema at the papilla, iapiJl> disappeaied but vomiting persisted That is 
the usual experience m these cases as complied with tlie immediate disappearance of 
vomiting winch reaularl} follow^s the successful operation for congenital h3^pertrophic 
P3donL stenosis (Fig 3) 

1 he vomiting continued and was treated b3'^ gastric lavage There w'ls a tendenc\ 



Fig 3 — Photograph of patient one week after Fig 4 — Photograph of patient at eight and one 
operation half months of age 


toward loose and frequent bow^el movements The child’s w^eight fluctuated betw^een 
four pounds four ounces and four pounds nine ounces Another transfusion was given 
Tw^o weeks after the operation, Dr Edward J Donovan was good enough to see the 
case in consultation, as I was getting somewhat disheartened because of the persistent 
vomiting He advised a continuation of the gastric lavage with an attempt to evacuate 
the, probably, distended duodenal loop, and felt that the vomiting might be due, mainly, 
to the partial closure of the stoma because of an edema of the duodenal loop at the site 
of the anastomosis A few days later the vomiting stopped and then the bab3 began to 
develop a rather intractable diarrhea wdiich at first was thought to be due to a lack 
of development of the mucosa of the ileum and its lacteals, analogous to the diarrhea from 
the mucosal atrophy occurring m sprue The diarrhea was, however, eventualh con- 
trolled by changing the diet from breast to protein milk 

Subsequent Cou 7 se — The wound healed bo pjunam but a small hernia developed 
to the right of the scar neai the upper angle, apparently due to one of the cutaneous- 
fascial silk sutures cutting through the fascia The child was kept in the incubator for 
five weeks Two more blood transfusions were administered, and cl3'ses, twice dail3, 
w’^ere continued until the diarrhea w^as controlled, when the babv'^ weighed five pounds four 
ounces From then on, the recovery w^as uneventful, with a gradual increase in weight 
until the child’s discharge from the hospital, June 26, 1938 at the age of three months, 
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when Its weight was seven pounds two ounces I feel that the successful result was in a 
great nieasuie due to the optimistic and devoted care given to the patient the nurses 
in charge Since the child has been under the very excellent and intelligent care of its 
mother at home, capably directed by Dr Irwin P Sobel, it has done remarkabh’’ well 



Fig s — Postoperative gastro intestinal roentgenograpliic senes at age of six and 
one half months showing still somewhat dilated stomach, satisfactorily functioning 
anastomosis, and persistent distention of duodenal loop with almost complete emptying 
of stomach in one hour and some letention of barium in distended duodenum with a 
trace in stomach after six houis and with most of barium in colon, head of meal being 
m distal portion of descending colon Note the abnormal position of the cecum near 
the midhne with ascending colon rising therefrom and balance of colon in left side of 
abdominal ca\it> 


and has been gaming weight bj'- leaps and bounds The babj^ is on the usual mixed diet 
for a child of its age It has a heartj appetite, never vomits and seems to have an 
excellent digestion Except for a lecent, slight, transitory diarrhea, due to some dietarj 
iriegulantj, the bowels have been regular with perfectly normal stools The child’s 
mental development, at first, seemed rather slow but graduallj it began to progress quite 
normally (Fig 4) 
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A postopeiative roentgenologic check-up, Octobei lo, 1938, when the child was si\ 
and one-half months old, shows that the stomach, although still somewhat dilated, empties 
almost completely 111 one hour, the anastomosis seems to function very well, although 
the duodenal loop is still quite distended and there is some barium retention m this loop, 
with a trace still in the stomach at the end of six hours, but most of the baiium is in the 
colon, the head of the meal being 111 the distal portion of the descending colon The 
abnormal position of the cecum is well demonstrated neai the midline from which the 
ascending colon rises, the balance of the colon being in the left side of the abdominal 
cavity (Fig 5) The peisistence of the dilatation of the duodenal loop, which is known 
to occui without symptoms m these cases, is apparently causing no disturbance 

Folloiu-Up — ^Januaiy 13, 1940 The child is now almost one year and nine and one- 
half months old He is unusually husky, is in excellent health and has a perfect digestion 
with normal stools He has been walking alone and talking since July, 1939, when he 
was one year and three months old He is most wide-awake and has cut 16 teeth, the 
correct number for a child two years of age His weight is 28 pounds two ounces and 
his height 33 inches — at least two pounds above the average weight and approximate^ 
the average height for his age The small ventral hernia has almost entirely disappeared 

\¥hile the pathologic conditions found in these cases vary gieatly, whether 
the lesions aie intiinsic or extiinsic, as classified by Ladd, all have, in 
common, the almost immediate signs of high obstiuction fiom biith — the 
persistent vomiting which is bile-stamed if the lesion is below the papilla, as 
IS geneially the case, no bowel movements 01 only meconium stools, and 
lapid loss of weight and dehydration Theie is usually a dilated stomach 
and the diagnosis is generally settled by chaiacteristic roentgenologic find- 
ings The vast majority aie either associated with, or dnectly caused by, 
a particular developmental anomaly, namely, incomplete or abnoimal rotation 
of the midgut 

As regal ds tieatment, all the cases also haA^e m common the impel atn^e 
necessity for the earliest possible suigical mteivention As fai as the pro- 
cedure which IS indicated is concerned, that will, of course, depend entirely 
upon the findings Each case must, naturally, be judged on its own merits, 
but. 111 general, it can be said that the operation should be the simplest that 
can be per formed to relieve the obstruction — separation of obstructing bands 
or reduction of an internal henna, 01 if necessaiy for a true atresia 01 an 
irreducible obstruction, an enter o-entei ostomy A gasti oduodenostomy or a 
gastiojej unostomy is indicated only, of course, if the obstruction is above 
the papilla Resection 01 ileostomy is contraindicated, as thej'^ have an almost 
100 per cent mortality 

The extensive diagnostic and surgical experience gained m lecent years 
from the very much simpler problem of congenital hypertrophic pyloric 
stenosis and the almost 100 per cent success with the standardized method 
of treatment — the Rammstedt operation — m these cases has, I believe, been 
largely responsible for the increasing number of correct diagnoses and suc- 
cessful operative results m this other much more complicated and serious 
condition We have learned much about the exact, painstaking operative 
technic necessary in handling the small organs and delicate tissues of the 
newborn, and the correct methods of anesthesia We have also learned 
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that if properly handled the newborn infant has an extraordinar}'’ tolerance 
toward a major opeiative procedure This has encouiaged us to operate 
as soon as possible and the perfection of i oentgenologic technic has helped 
us 111 the early diagnosis The pediatiicians, ivho have stood by us loyally 
in all these cases, have taught us much about preoperative piepaiation and 
the countei acting of dehydiation by clyses and tiansfusions and also about 
postopei ative supportive ti eatment, with the continuation of clyses and 
transfusions, pioper nursing and feeding with bieast milk or carefully pre- 
pared formulae and modem incubation As a lesult, we now feel that even 
very feeble, small, piematuie infants, if piopeily prepaied, can be successfully 
operated upon, even within the fiist few days of then life 
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Discussion Dr Walter Estell Lee (Philadelphia) — Interest m con- 
genital obstructions of the small intestine has been stimulated in recent years 
by the pediatricians who have been diagnosing the condition correctly with 
increasing fiequency The impiovement in the suigical management of in- 
testinal obstiuction and the advances m the surgery of the gastro-intestinal 
tiact applied to infants have abetted this new interest by affording moie hope- 
ful piognoses in these cases Foitunately the incidence of these cases is 
not gieat Kiieg quotes a senes of 688,992 consecutive newborn infants 
collected by E Theiemin, De Sanctis and Craig, Thorndike, and von Kloos, 
m which theie occuired only 31 instances of intrinsic deformities of the 
duodenum an incidence of one m 21,580 Without offering any original 
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contnbutions to the problem, we feel that it may be worth while reporting 
two cases which we have encountered because of several unusual features 
which they demonstiate 

To quote again the fiequently lepeated statement of J Bland Sutton 
“Congenital obstiuction and nan owing of the ahmentaiy canal are always 
found m the situation of embryologic events ” The situations of these embiy- 
ologic events, in the small bowel, aie the regions of the ampulla of Vatei and 
the site of attachment of the omphalomesenteiic duct It is the foimer legion 
with which we aie concerned m the cases to be piesented 

In the noimal embiyologic development the lumen of the small intestine 
IS lound and lined with epithelium up to the fifth neek of life By a pio- 
lifeiation of this epithelium the lumen is obliterated soon theieaftei How- 
ever, by the twelfth week, the lumen is again leestablished by a piocess of 
vacuolization of the epithelial cells Because of the giowth of the livei and 
panel eas fiom the duodenum this noiinal piocess of lecanalization of the 
bowel IS sometimes intei minted in vai3nng degiees, and stenosis oi atiesia oi 
a membianous diaphragm may lesult 

Forssnei’s classification of these abnoiinalities is simple and includes the 
major possible abnoiinalities Theie may be a diaphragm, complete oi in- 
complete, a stenosis, complete oi incomplete, oi an atiesia with the occluded 
ends eithei sepaiated oi connected by a fibrous coid It is impossible to 
diffei entiate these conditions pi eoperativelj" except to the extent of lecog- 
nizing that the obstiuction is complete oi incomplete 

The chaiacteiistic sjnnptom of tins condition is vomiting which vanes 
in tune of onset and severity nith the degiee of the obstiuction In a case 
of complete obstiuction the vomiting usualljr begins by the second day and 
always by the fifth day The piesence of bile in the vomitus is not of 
special significance because the obstiuction may be above oi below the 
ampulla of Vatei In several leported cases theie was bile in both the 
vomitus and the stools due to the opening of an accessory bile duct below 
the level of the obstruction Theie is usualty definite evidence of pain oi 
discomfort Absence of stools is the rule 

The patient is usually distended and shows signs of dehydiation and 
malnuti ition aftei a few days fiom the onset of the obstiuction Visible 
peristalsis may be piesent but is not conclusive Theie is frequently a pal- 
pable tumor in the right uppei quadi ant of the abdomen due to the distention 
of the duodenum Roentgenologic studies with a baiium meal show the 
stomach noimal oi dilated, a patent pyloius, and a dilated duodenum proximal 
to the point of obstiuction In incomplete obstiuction small amounts of 
barium are seen in the small intestine distal to the lesion 

Suigical inteivention is necessary to cuie cases of intrinsic duodenal 
obstruction Since it is usually impossible to detect the site of the lesion by 
examination of the seiosal suiface of the bowel, the affected aiea must be 
short-ciicuited by an anastomosis Accoiding to the pi evading opinion the 
most efficient type of anastomosis is a duodenojejunostomy This type of 
opeiation, employing a single row of fine aiterial silk sutures, is the one used 
so successful^ by Ladd Gastiojejunostomy is fiequently moie practical, 
technically, and has been successful in a fair number of cases Morton was 
able to localize a congenital diaphragm in one case and excise it with the 
electric knife Vaiious details of technic, such as the type of suture inateiial 
best suited for the anastomosis, and the dilatation of the collapsed bowel 
distal to the obstruction prelimmaiy to pei forming th< anastomosis, have 
been emphasized by vaiious authoiities on the subject 
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One lule that seems to be held unanimously is that a simple jejunostomy 
IS palliative for a shoit time only and is later followed b}’’ death of the 
patient In all the cases so tieated, except the one lepoited b}’' Ladd, the 
patients have died following a simple enterostomy In view of this fact 
it IS mteiestmg that one of oui cases, heiewith recoided, lecoveied and de- 
veloped noimally foi a period of eight months following jejunostomy 

CASE REPORTS 

Case I — Bab}'- U, a white, female infant, was delivered by low forceps from a 
pnmiparous mother, March 3, 1936 The delivery was uncomplicated except for slight 
asphyxia, due to mucus m the posterior pharynx, which was relieved promptly by 
aspiration The birth weight was six pounds ten ounces On the second day after deliver}^ 
projectile vomiting began and continued with increasing seventy during the third and 
fourth da3's The stools consisted of meconium only 


Fig I Fig 2 



Fig I — Four cItjs nfter birth Almost complete obstiuction to the duodenum 
Fig 2 — March ir, 1936 ]Majoi portion of barium meal still in stomach and duo 
denum aftei 12 hours A feu scattered flakes of barium m the small and large intestines 
indicate that the obstruction is not complete 

Physical Examination — The abdomen, on the fouith da} after hath, showed moderate 
distention with peristaltic waves passing acioss it from left to right and occasionally in 
the leveise direction The infant was m good condition and not deh3drated, having 
leceived adequate amounts of fluids parenterall} A barium meal, administeied through 
a catheter, remained in the stomach and m the dilated pioximal duodenum After one 
hour no barium had passed beyond the first portion of the duodenum (Fig i) 

Opciation — March 7, 1936 Dr Walter E Lee Numerous adhesions were found 
extending fiom the pyloric end of the stomach and duodenum to the gallbladder and liver, 
which caused constnction of the first portion of the duodenum These adhesions were 
separated, and since the child's condition was not good the abdomen was closed without 
further exploiation Three hours after operation mouth feedings of Do\\ne's formula 
were instituted and supplemented by infusions of Hartman's lactated Ringer’s solution 
An upper respiratory infection occurred during the next three days which was feared 
to have dcA eloped into a bronchopneumonia A roentgenogram showed diminished 
aciation at the apex of the right lung but no CMdence of consolidation A more inter- 
esting roentgenologic finding was the presence of the major portion of the barium 
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ulministcied four days pieviouslv, in the stomacli and first portion of the duodenum A 
few scattered flecks of barium in the small and large intestine indicated that the 
obstruction was not complete (Fig 2) 



Fig 3 — No\ember, 1936 Showing norm'll phjsical condition after eight months of 

jejunal feeding 


Fig 4 


Fig 5 



Fig 4 — Roentgenogram taken eight months after jejunostomy showing almost 
complete obstruction of duodenum after the injection of a barium meal 

Fig 5 — ^June 10 1938 Roentgenogram taken 19 months after a posterior gastro 

jejuriostomy 


The infant was fortified by a transfusion and by infusions of fluids, and a second 
celiotomy was performed by Doctor Lee, March 12, 1936 Additional adhesions were 
found about the duodenum as well as an obstruction of the duodenum in its second por- 

592 


A olume 1X1 
Is umber 4 


CONGENITAL ATRESIA OF INTESTINE 


tion Because of the patient^s critical condition it was thought best to perform as little 
surgery as possible Therefore, a simple jejunostomy was performed 

Mouth feedings were earned out for the ensuing 24 hours, but were prompth 
vomited On the second day postoperatively, feedings of small amounts of 5 per cent 
glucose solution in normal saline were administered through the enterostomy tube 
Gradually, the mouth feedings were diminished and the tube feedings increased, until 
two weeks postoperatively, when adequate amounts of breast milk were being given 
tube Later, as the mother's milk diminished, peptonized milk was used as a substitute 
Frequent small transfusions were administered during this period and the child gained 
weight and strength The operative wound healed completely except for the jej unostomy 
opening which admitted a No 8 Fr catheter 

During the fifth and sixth months postoperatively, the infant's weight remained 
stationary at 12 pounds At the end of the seventh month the weight had increased to 
14 pounds (Fig 3) Roentgenologic examination, however, showed practically a com- 
plete obstruction of the duodenum to be still present (Fig 4) 

Fig 6 Fig 7 Fig 8 



Fig 6 — Ma> i, 193S Roentgenogram taken three da\s after birth sho^^s an abnormal distention 
of the stomach and duodenum with air 

Fig 7 — ^ra> 2 1938 Roentgenogram taken four da>s after birth shows almost complete obstruc 
tion to the passage of a banum meal in the second portion of the duodenum 

Fig 8 — ^June 14, i939 Roentgenogram taken 33 da>s after an anterior gastrojejunostom> 


November lo, 1936 Eight months after the original operations, a third celiotomy and 
posterior gastro-enterostomj^ using silk sutures, were performed by Doctor Lee Fol- 
lowing the operation, tube feedings were earned on as usual for one week and then 
gradually diminished while mouth feedings were instituted At the end of the second 
week postoperatively all nourishment was administered by mouth 

Subsequeut Com sc — The child showed a progressive increase in weight and has not 
vomited since the last operation The jej unostomy persisted for six weeks but was 
finally closed by constant plugging of its orifice and by approximating the skin edges 
Roentgenologic studies, June 10, 1938, showed that the gastro-enterostomy was func- 
tioning perfectly (Fig S) 

At the present time, Januar}^ 1939, the child is normal m both weight and devel- 
opment 

Case 2 —Baby H, a white, male child, w-as delivered spontaneously, May i, 1938, 
from a healthy mother, who had one older child living and w^ell The birth weight w’as 
SIX pounds one ounce There w'ere no external abnormalities Soon after birth the child 
began to ha\e attacks of cyanosis follow'ed and relieved by the eructation of mucus On 
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the second day after birth, these eructations became more ficquent, and after taking 
water by mouth there was bright red blood in the vomitus The infant grew quite 
listless, and had an almost continuous stream of fluid coming from both nose and mouth 
Nothing taken b> mouth was retained 

On the third da) aftci birth, a roentgenogram of the chest sliowed evidence of incom- 
jiltle expansion or possibl) lironchopneumonia in both lungs Fluoroscopic and film 
examinations with barium in the esophagus showed no abnormality in swallowing 

Alouth feedings were stopped on the third day and glucose and normal saline solu- 
tions were administered hypodermically Regurgitation of everything taken by mouth, 
m the form of a brownish liquid, continued on the fourth day There had been no stools 
Roentgenologic examination of the abdomen revealed the following information There 
weie two laige pockets of air in the epigastrium divided b) a narrow line, the left pocket 
being larger than the right (Fig 6) A portion of the barium given 24 hours previously 
had been regurgitated but most of it was trapped in the two air pockets, flowing freely 
between them A small portion of the barium had reached the small intestine (Fig 7) 
The conclusion was that a high obstruction existed, probably in the duodenum 

Operation — May 5, 1938 An exploratory celiotomy was performed b) Doctor Lee 
The stomach, and first and second portions of the duodenum were markedly distended 
The pylorus was dilated but not hypertrophied The obstruction was probably in the 
retroperitoneal portion of the duodenum An anterior gastrojejunostomy was performed 
and the abdomen closed 

During the first three days postoperatively, the infant had a temperature ranging 
from 100° to 102*" F This, however, subsided on the sixth day Transfusions and 
parenteral fluids only were administered until the second day, when small amounts of 
water were given by mouth On the third day diluted breast milk was given successfully 

The first small meconium stool was passed on the second day postoperatively, while 
on the fifth day the stools contained bile and milk curds 

The child showed a slow but continuous gain in weight from May 9, the fourth dav 
postoperativ^ely, until June 25, when he weighed seven pounds ii ounces on discharge 
from the hospital Regurgitation of small amounts of bile-stained fluid after each 
feeding began about one week after operation and continued throughout his hospital stay 
This phenomenon is still going on, although intermittently, and the amounts of fluid 
regurgitated are small 

Follow-Up — ^June 14, 1938 A roentgenologic study showed the gastroenterostomy 
functioning well More than one-half the barium meal had left the stomach at the end 
of one and three-quarters hours The first portion of the duodenum remained dilated, 
and no barium was seen leaving the duodenum in the normal manner (Fig 8) 

Disaission — It is interesting that in the second case the primary diffi- 
culty was thought to be in the chest and, indeed, the roentgenograms of 
the chest were helpful in directing attention to the real source of trouble 
A correct diagnosis of obstiuction of the duodenum was then made This 
same sequence of events occuried in an infant recently treated at the Chil- 
dren's Hospital of Philadelphia It leads one to speculate about the possible 
origin of the pulmonary condition from compiession due to the distended 
stomach and duodenum 

The incompleteness of the obstructions was demonstrated by the presence, 
in both patients, of small amounts of barium distal to the sites of obstruction 
Therefore, we realized that the patholog)^ was not that of atresias, but either 
incomplete diaphiagms 01 stenoses which caused partial blocking of the 
lumina Both cases illustrate the usual difficulty expeiienced in determining 
the nature of the lesion as well as its exact location by examination of the 
external surface of the bowel 

The first infant is remarkable m that she survived a period of eight 
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months’ feeding via an enterostomy tube This jejunostomy was performed 
despite the knowledge that such a procedure had been proven to be poorly 
tolerated in other similar cases, because we believed the critical condition 
of the patient would not permit of a more lengthy opeiative proceduie The 
fact that the child lived is a tribute to the nurses and lesidents who attended 
it and to the caiefully planned postopei ative legimen of feeding outlined by 
Doctor Stokes 

The second patient was m better geneial condition at the time of opeia- 
tion Our choice of piocedure lay between duodenojejunostomy and gastio- 
jejunostomy The foimei procedure was not earned out because the extreme 
distention of the pioximal duodenum had distorted the anatomy to a maiked 
degiee It was feaied that after decompiession an angulation might occui 
at the site chosen for the anastomosis and thus give rise to a secondaiy 
obstruction 


Table I 


Age at Operation 

Recovered'^ 

Died 

30 hrs 


yes 

2 days 


yes 

4 days 


yes 

5 days 

yes 


6 days 

yes 


7 days 

yes 


8 days 

yes 


12 days 

yes 


14 days 

yes 


16 days 


yes 

23 days 

yes 


29 days 

yes 


3 mos 


yes 

4>^ mos 

yes 


Syrs 

yes 


8 yrs 

yes 


9 yrs 

yes 


12 yrs 

yes 



Totals 13 

5 


* Two newborn babies with obstruction, 
probably from volvulus, recovered with- 
out operation 


111 this case, eight months postopei atively, theie is a peisistenl legurgi- 
tation of bile aftei feedings The exact mechanism of this phenomenon has 
not been explained It is possible that the continuance of the mechanism 
for the secretion of bile, after food has left the stomach rapidly via the je- 
junostomy, may bathe the gastiic mucosa with undiluted bile for long periods 
This condition may then give rise to irutation which in tuin initiates and is 
lelieved by regurgitation 

Dr Edward J Donovan (New York) said that at the Babies Hospital 
there have been 38 similar cases For simplicity these may be divided into 
intrinsic and extrinsic lesions The intrinsic lesions are usually a mem- 
branous diaphragm, a complete atresia and stenosis, uhicli lepieseiits a lesser 
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degiee of dosuie of the lumen The extrinsic lesions aie caused by (i) 
volvulus of the small intestine due to a failure of fixation of the ascending 
colon to the parietal pei itoneum m the right lowei quadrant of the abdomen , 
(2) developmental bands, and (3) fixation of the duodenum in an abnormal 
position Both types of lesion aie often associated with some eiror of 
lotation of the embiyonic midgut loop In the January issue of the Ameri- 
can Journal of Diseases of Children, Doctois McIntosh and Donovan le- 
ported 20 cases, fiom the Babies Hospital, of malrotation of the intestine 
with duodenal obstiuction Of the mtunsic lesions of the duodenum there 
have been 18 cases, eight of whom died befoie operation could be perfoimed 
Ten of the 18 cases weie opeiated upon and five died All but two'*' of the 
20 cases with extiinsic lesions were opeiated upon and five of them died 
The 20 cases with extiinsic duodenal lesions, theiefore, did very much better 
Table I shows the age at operation and the results of obstructions due to 
extiinsic lesions 

If the obstruction of the duodenum is complete, these patients suffer all 
the iffs of high infestmaf obstiuction, and aie often m bad condition when 
they aie bi ought to the hospital As soon as then fluid balance can be le- 
stoied they aie operated upon, and it often means subjecting a small baby 
to a ver}^ seveie operative piocedure which he cannot stand The intrinsic 
lesions moie often cause acute obstiuction very early in life and for this 
leason the moitality is consideiably higher 

The technical difficulties encountered in operating upon some of these 
cases, particularly wheie anastomoses hai’^e to be undertaken, and there is a 
gieat diffeience in the size of the two loops of intestine to be anastomosed, 
can be appreciated fiom Doctor Stetten’s c.ise report 


596 



SURGICAL CONSIDERATION OF HYDATID DISEASE 

REPORT OF SOME UNUSUAL CASES 

Sami I Haddad, M D , and Amin A Khairallah, M D 

BEyROXTTH, Syria 

FROM THE DEPARTMENT OF SURGERY OF THE AMERICAN tJM\ ERSITA OF BEIRUT, SYRIA 

The high incidence of hydatid disease in Syiia has been repoited by 
Turner, Dennis and Kassis ^ In the Hospital of the Ameiican University of 
Beirut, the lecoids of the surgical seivice show that during the last ten yeais 
(1928-1938) one out of every 150 patients had hydatid disease Syiia is a 
pastoial countiy The intei 1 elation between sheep and dogs, and the unhy- 
gienic way in which sheep are slaughteied, favoi the maintenance of the life 
cycle of the echinococcus gianulosus, and while the watei supply is being con- 
stantly improved theie is still a gieat deal of pollution 

The distiibution of the disease in the different paits of the body is similar, 
111 Syiia, to that m othei countiies Oui statistics show that it occuis m the 
liver 111 50 per cent of the cases, in the lungs 111 20 pei cent, and 111 the other 
organs 111 30 pei cent 

The diagnosis is faiily easy 111 the iiiajoiity of cases but may be difficult 01 
impossible in othei s A hydatid cyst may he doiniant 111 the body and give 
use to no s)uiiptonis whatever, and it may be occasional!} found during the 
search for othei abdominal conditions 01 at autopsy When the cyst glows in 
palpable organs such as the hvei, spleen 01 kidney, it may be felt as a lounded, 
uniform, smooth and almost painless mass attached to the viscus or embedded 
m its substance, and is, as a lule, freely movable with the organ with which it 
IS associated If the cyst is iich m daughter cysts and neai the body suiface, 
it may give a fiemitus (hydatid thiill) which may either be felt with the hand 
01, bettei, heard with the stethoscope In cysts that aie not accessible to pal- 
pation, such as pulmonai y cysts, 1 oentgenograms ai e an invaluable aid in diag- 
nosis They cast a well defined, 1 ounded shadow which is uniform in density 
Hydatid disease was the first of the pathologic conditions caused by animal 
parasites in \\ Inch sei ologic tests pi oved to be of gi eat value in diagnosis The 
complement fixation test of ^^^emberg, and the skin sensitivity test of Casoni, 
are veiy helpful in making a positive pieopeiative diagnosis In our experi- 
ence, the Casoni leaction nas positive m 90 per cent of the cases denionstiated 
by opeiation to be h}datid disease Occasionally a positive Casoni reaction 
will be obtained m a patient m n horn hydatid infestation could not be found 
dm mg opei ation In these cases, there may be a small cyst which has not been 
found 01 the allergy may be the lesult of an infestation which was successfully 
taken caie of by the tissue defenses of the body The Casoni test is the method 
Submitted for publication April 3, 1939 
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of choice foi testing a tentative diagnosis, but if it fails, a complement fixation 
should be done 

The 1 elation ol hydatid disease to the body economy is significant, as, aside 
fiom infection and its untowaid cfifects, the pressure of the cyst may prove 
incapacitating, haimful, dangeious and even fatal One-fouith of oui cases 
were infected befoie they came foi operation, the colon bacillus being the most 
fiequent invader The mode of infection of the cyst with micro-organisms is 
not definite and the vaiious theories advanced aie not clear The most plau- 
sible explanation is the occurrence of pencystitis extending fiom the capil- 
laiies of the adventitious capsule, wheie, owning to their toituosity and the 
lesulting stagnation of blood, a clot may be foimed and become invaded by 
micro-oigamsms cii dilating in the blood stieam A suppurating hydatid cyst 
may be difficult to differentiate fiom an ordinary abscess 

1 he local effects of the C3'st are manifest by a sense of discomfoi t and some- 
times a distui bailee of the function of the oigan invaded In hepatic cases, 
theie may be seveie jaundice from pressuie on the bile ducts They may lup- 
ture into the biliaiy ducts or into the intestines and discharge their contents 
into the bowel Pulmonaij^ cysts may produce a sense of oppression m the 
chest and very often cough and expectoiation of blood-stained mucus, which 
lb a misleading symptom often leading to a diagnosis of pulmonary caicmoma 
or tuberculosis Cysts of the oibital cavity may interfere wnth vision In the 
brain they may produce serious and distressing symptoms 

Rupture of a hydatid cyst into the peritoneal or pleural cavities may be very 
serious Signs of severe anaphylactic shock appear very quickly In the 
chronic cases the reaction seems to be milder In two of our cases, there w^as 
a rupture of the cyst — one in the liver and the other in the spleen — into the 
abdominal cavity Symptoms of mild anaphylactic shock appeared which w^ere 
quickly relieved by adrenalin One of these cases was seen two years later 
and evidenced no signs of any recurience or abdominal involvement 

The surgical treatment of hydatid disease depends upon the location of the 
cyst and its situation in the organ The old practice of tapping the cyst is to be 
condemned as both unreliable and dangerous The ideal treatment is to excise 
the cyst with its adventitious capsule, but this is possible in only a few cases 
where the cyst is attached to the surface of the organ with a sort of pedicle and 
can be extirpated without damage to the organ 

Case I — K A , male, age 35, laborer, was admitted to the hospital, March 15, 1928 
Chtef Complauit An increasing bulging of the left eje of 15 months’ duration The left 
eyeball protruded almost out of the orbit With the exception of a mild optic atrophy, 
the vision and the ocular tissues were unimpaired A roentgenogram showed no bone 
lesion Blood count 7,500 leukocytes, with 3 per cent eosinphils Wassermann negative 
A tentative diag^nosis of nonmalignant tumor of the orbit was made 

Opciaiion was performed under general ether anesthesia A cjst the size of a small 
walnut was found between the eyeball and the orbit externally, surrounded by very loose 
adhesions The cyst and its membranes were removed completely and the patient made an 
uneventful recovery The cyst contained 15 cc of straw-colored fluid and booklets were 
seen under the microscope When seen a year later vision had been completely recovered 

598 



Volume 111 
dumber 4 


HYDATID DISEASE 


Case 2 — G S , male, age 25, clerk, was admitted to the hospital, January 4, 1928 
Chief Coviplamt Pam and heaviness in the right hypochondrium of four > ears’ duration, 
associated with anemia and easy fatigability Eramtnaiion showed a mass the size of a 
small grapefruit hanging from the lower border of the liver The mass was round, smooth 
and movable Hydatid thrill was elicited over the mass Casoni positive Blood showed 
8,500 leukocytes, with 4 per cent eosinophils A diagnosis of hydatid of the liver was made 
Opeiatwn was performed under general ether anesthesia On opening the abdomen 
the cyst was found loosely attached to the under surface of the liver It was very easy to 
enucleate and was entirely removed Recovery was uneventful and the patient was dis- 
charged, February 8, 1928 (Fig i) 



Fig I — Case 2 Hydatid of the liver 


In the majonty of hepatic cysts, however, the cyst is found embedded m 
the substance of the liver but tends to bulge thiough to the periphery In 
these cases, the fiist concern of the surgeon is to determine the method of ap- 
proach If the cyst is near the anterior border of the liver, on its under sur- 
face or in the left lobe, the best approach is through the abdomen The abdo- 
men IS opened by a vertical incision ovei the most prominent part of the cyst, 
and the capsule of the cyst is sutured by a continuous suture to the parietal 
peritoneum leaving an exposed area 4 cm in diameter In four to six days 
the two layers of the pei itoneuni become adhei ent, closing ofif the general peri- 
toneal cavity (maisupialization) and the second stage of the operation could 
be undertaken 

In the choice of the handling of the cyst we have been guided by the special 
indications present m each case We tap the cyst, inject 2 per cent formalin 
and after a few minutes open the cyst with the electric cautery The contents 
are then evacuated and with a sponge forceps the daughter cysts and cyst 
membianes are removed If the cyst cavity is laige, we dram it If small, we. 
fill it w'lth normal saline solution and close it tight In a few cases, w^e have 
omitted the use of foimalm without subsequent recurrence C3^sts located in 
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the dome of the livei aie tieated like pulmonary cysts Occasionally a cyst 
might be so laige as to require a countei opening either thiough the abdomen 
01 thiough the chest If the two layeis of the peritoneum or pleura aie alieady 
adherent, the cyst is opened immediately 

All ptilmoiiaiy cysts are handled m the following way The cyst is care- 
fully located by means of steieoscopic roentgenograms The operation is pei- 
formed in two stages Dm mg the fiist stage, two oi three nbs are resected 
ovei the aiea wheie the cyst is nearest the chest wall In some cases the 
adventitious capsule of the cyst is seen moving wnth respiration wnthin the 
plcuia In this case a cncular suture is made fixing the capsule to the parietal 
pleuia When this is not possible a piece of gauze soaked in tinctuie of iodine 
IS placed on the parietal pleura and gently piessed in In ten to 14 days ad- 
liesions wull have foimed fiim enough to allow'' the perfoimance of the second 
stage The C3^st is then aspiiated, opened wuth the electiic cautery and its con- 
tents evacuated In most cases W''e have been able to remove the cyst mem- 
bianes 111 their entnety with a sponge foiceps In a few cases the membianes 
were veiy tiiable and it w^as impossible to lemove them completely The little 
that IS left comes out on the dressings None of the lung cysts w^ere tormahzed, 
and we have had no recui 1 ences This method has given us satisfactory results 
though m some cases the recover}^ w^as slow^ Multiple cysts of the lungs are 
not mfiequent In the tieatment of such cases the C3^sts must be handled one 
at a time 

Case 3 — F D , female, age 25, housemaid, was admitted to the hospital, November 
16, 1934 Chief Complaint Dull pain and heaviness in the left chest in the region of the 
scapula of eight months' duration On Maj 2, 1934, the patient was seen at the Out- 
Patient Department, when a yellowish fluid was aspirated from the left pleural cavit} ( ^) 
and a diagnosis of pulmonary tuberculosis made E\ animation On admission there was 
dulness over the right apex and the left base Leukocytes 7,750, with 6 per cent eosinophils 
Casoni positive Rocntgcnogiams showed three opaque, rounded, intrapulmonar}^ shadows 
clearly outlined The first was the size of an orange, below the right clavicle , the second 
the size of a small grapefruit, above the left diaphragm, and the third a small one seen 
behind the second 

On November 29, 1934, the cyst on the left side was operated upon Under local in- 
filtration anesthesia, 5 cm of the eighth and ninth ribs were resected along the posterior 
axillary line The two layers of the pleura were seen to be adherent to each other (pos- 
sibly as the result of the previous paracentesis) The cyst was tapped and the fluid con- 
tained booklets and scohees It was then opened with the electric cauter}^ and the con- 
tents of the cyst as well as the cyst membranes were removed with a sponge forceps A 
Pezzer catheter was inserted and the cavJt> drained On January 3, 1935, the right cyst 
was operated upon under local anesthesia Five centimeters of the fifth and sixth nbs 
were removed along the posterior axillary line The pleura was sutured to the capsule of 
the cyst m a circular manner and the wound packed with sterile gauze On January I 5 t 
the wound was exposed, the cyst tapped and the fluid found to contain booklets and 
scohees It was opened with the electric cautery, the membranes removed with a sponge 
forceps and a Pezzer catheter introduced into the cavity On February 25, 2935 » 
roentgenologist reported ^There are operative defects of the fifth and sixth nbs pos- 
teriorly on the right and the eighth nb hterally on the left The rounded shadows m the 
left base have disappeared The cyst of the right lobe is replaced by an annular haziness 
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surrounding an empty area (Figs 2 and 3) ” On February 19, the patient was discharged 
completely recovered Evidently the third small cyst must have emptied through the 
second 

Cysts of the spleen are not so lare, and are geneially easy to diagnose 
They may be tieated as those of the hvei, but if they aie of large size, a 
splenectomy is the method of choice, especially as no adhesions aie usually 
encountei ed 



Fig 4 — Case 4 Hjdatid of the spleen 

the spleen was made Splenectom^ vas performed under general ether anesthesia, Octo- 
ber 28 There were no adhesions, and the spleen and the cyst vere freelj movable Re- 
coverj was une\entfiil and the patient was discharged, No\ ember 14 The cyst contained 
daughter cjsts and booklets (Fig 4) The patient w'as seen three years later and was in 
good ph> sical condition 
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Cysts of the kidney are more difficult to diagnose Partial nephrectomy is 
the method of choice If the cyst is large and the kidney tissue is damaged, 
complete nephrectomy is advisable providing the other kidney is in good 
condition 

Case 5 — M Y , female, single, housewife, age 24, was admitted to the hospital, De- 
cember 3, 1934 Chief Complaint A mass in the right upper quadrant of three years' 
duration Retrograde pyelography showed an enlarged kidney with probable hydro- 
nephrosis Leukocytes 6,750, with 3 per cent easinophils Blood urea nitrogen 75 mg 
Renal function (PSP) 56 per cent — right kidney 16 per cent and left kidney 40 per cent 
A diagnosis of tumor of the right kidney was made On December 15, the patient was 
operated upon under general ether anesthesia A cystic mass the size of a grapefruit was 
found protruding from the lower pole of the kidney Clear fluid was aspirated, and imme- 
diate microscopic examination revealed the presence of booklets and scolices Nephrec 



Fig s — Case 5 Hjdatid of the kidney Fig 6 — Case 7 H>datid of the brain 


tomy was performed Recovery was uneventful and the patient was discharged, December 
26 (Fig 5) 

Hydatid disease of the pancreas is rate Masseron- has been able to col- 
lect the record of five cases only, and these were first recognized at autopsy 
Graham,^ of Sidney, says “The hydatid is sometimes found m the pancreas 
I have observed it as cyst about three inches in diameter leplacing the head of 
the pancreas ” Tricomi'* states, without giving any references, that seven 
cases have been recorded One of the most interesting of our cases was a 
large hydatid of the tail of the panel eas 

Case 6 — F M , female, age 40, housewife, was admitted to the hospital, September 
19, IQ26 Chef Complaint Pam and heaviness in the epigastrium with a feeling of 
fulness in the stomach after meals, of three years’ duration Examination revealed the 
presence of a deep-seated mass under the xiphoid cartilage, very slightly movable, rounded 
in contour and of firm consistency It was the size of a grapefruit and situated behind the 
stomach Under the fluoroscope the barium meal was seen to spread out in the stomach, 
taking the shape of a ring, caused by the pressure of the mass behind Stool examination 
and stomach contents were negative Wassermann negative Leukocytes 7,500 No 
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Vision in the right eye eight inonths later Attacks of frontal headache with occasional 
^omltlng Ophthalmoscopic examination showed right optic atrophy Leukocytes 4,750, 
with 2 per cent eosinophils Wassermann of cerebrospinal fluid and of blood negative 
Patient died, March 6, 1932 Autopsy showed a hvdatid cyst of the right occipital lobe 
(Fig 6) 

Case 8 — ^A K , male, age 27, was admitted to the hospital, November 15, 1922 
Chief Complaint Pain m the head and vomiting Bilateral papillitis Wassermann posi- 
tive Diagnosis Tumor of the brain, probably syphilitic Patient died, December 9, 
1922 Autopsy showed a h>datid cyst of the medulla encroaching upon the quadrate lobe 
of the cerebellum (Fig 7) 

While hydatid cysts are often found in the liver and the lungs, they may be 
found anywheie in the body We had thiee lathei unusual cases as far as the 
site IS concerned One was a hydatid of the muscles of the back and the other 
two were m the buttocks 

Case 9 — H M, male, age 59, peddlei, was admitted to the hospital, April 12, 1933 
Chief Complaint A painless swelling 111 the right loin of two years^ duration Examina- 
tion A uniform, fluctuating mass the size of a grapefruit was found situated ovei the 
crest of the ilium No limitation of motion of the vertebral column Roentgenograms of 
the spine negative No temperature Leukoc>tes 6,300, with 8 per cent eosinophils 
Casoni and Weinberg positive Diagnosis Hydatid cyst (possibility of a cold abscess) 

Opeiation — Under local infiltration anesthesia, April 15, 1933, a c>st was found aris- 
ing from the muscles of the back The aspirated fluid showed booklets and scohees The 
cyst was opened and evacuated and the membranes removed The cavity was swabbed 
with tincture of iodine and closed without drainage Reco\ery was uneventful and the 
patient was discharged, April 23 He was seen two 3 ears later and showed no evidence 
of recurience 

The tieatment of infected hydatid cyst is that of an ordinaiy abscess, 
namely, fiee incision at the most suitable site and the establishment of free 
diamage 

Geneial ether anesthesia has been oiu anesthetic of choice, as it minimizes 
the occuiience of anaphylactic shock In lung cases we have employed local 
mfiltiation anesthesia with ^ per cent novocain with adrenalin, m oidei to 
pi event congestion of the lungs and coughing which might luptuie the cyst 
and disseminate its contents into the bronchi and lungs 

SUMMARY 

(1) Hydatid disease is not lare m Syria It foims 06 per cent of oui 
surgical cases 

(2) With oui present diagnostic aids^ diagnosis, m the majority of cases, 
IS not difficult 

(3) Cysts aie usually located m the hvei 01 lungs but may be found any- 
where m the body 

(4) A few rathei unusual cases are detailed and then tieatment described 
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Lymphangiomata, seen with some degree of fiequency m other portions 
of the body, occui much less often in the abdomen and pai ticularly m children 
According to Ewing,^ the solid tumoi s of the mesentei y and omentum spring- 
ing fiom the tissue within the peritoneal leaves are usually of connective tissue 
oiigin, as lipoma, fibioma, and saicoma These growths also piesent in the 
letroperitoneal space Lipoma is the most frequent of the mesoblastic tumoi s 
m the peiitoneal stiuctuies, but all aie laie Cystic giowths of a moie com- 
plex type aie found m this legion and aie much moie common heie than the 
solid tumoi s This appeal s to be pai ticularly true also of the lymphangiomata, 
and they are almost all cystic m type The solid or noncystic lymph vasculai 
tumoi s aie peihaps the larest of all Natuially, from the formation of the 
lymphatic vessels and paiticulaily those m this legion, cyst formation would be 
expected to occur They sometimes leach large size because of the vasculai ity 
of the region and the looseness of the stiuctures It is noteworthy that tumors 
of loose cellular structure grow moie steadily under these conditions, even 
though essentially benign m character These cysts aie thm-walled and have 
a limited blood supply They are usually filled with a pale serum but some- 
times contain a dark or even bloody fluid In a few cases such growths, 
closely adherent to the intestinal tract or in intimate relation to the lymph 
ducts, may contain a milky fluid — chyle cysts Rarely the neoplasm, as in our 
case, IS made up for the most part of fii m lymphatic and connective tissue with 
little or no fluid content They usually cause symptoms by pressure upon 
sill rounding stiuctures ci eating distiess and discomfort lather than actual 
pain The exceptional cases cause pain because of the involvement of some 
portion of the gastio-intestmal tract, with obstiuction of its lumen oi constric- 
tion of its vascular supply These giouths aie essentially benign and usually 
do not 1 ecur after removal 

Fiom tlie-fiequent blocking of the lymph channels m the gieat omentum, 
due to pelvic and othei mflammatoiy disease within the abdomen and ivith 
considerable tiaiima to the omentum, tumors would be likely to result moie 
frequently if they weie caused by such occui rences Apparently this result 
does not follow, and one is justified m concluding that most omental growths 
are congenital in origin, as has been suggested by Nasse,“ Ribbert,^ Sisk'* and 
others, notwithstanding Wegnei’s original experiments on the injection of air 
and filling the abdominal cavity under pressut e and choking the lymph chan- 
nels, resulting m the production of large cysts w ith proliferative changes m the 
Submitted for publication April 5, 1939 
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nails Undoubtedly blocking of the channels either from inflammatory or 
neoplastic change inci eases the growth of the tumor Omental growths usu- 
ally show seious or blood-tinged (sometimes quite dark) fluid within the 
cysts and differ mateiially fiom the milky fluid found m chylous cysts result- 
ing fiom obstiuttions of the lymph ducts draining the lacteals In lare in- 
stances omental lymphangiomata may show but very small cysts and their 
structuie consist laigely of tiue lymphangiomatous tissue with considerable, 
lathei loose, connectue stioma 

Sabin,' Huntington and McClure (mentioned by Singleton®) have thrown 
new light on the development of the lymphatics Huntington and McClure' 
seem to have established the fact that the development of the lymph vessels 
begins at definite centeis and from such a center vessels spread outward, vas- 
culanre and diain a definite area Excisions of the starting center result in 
no growth and vessels fiom neighboring areas invade and drain the one thus 
depiived These findings seem to agree with the well-known tendency of 
lymphatic stiuctures, both glandular and vascular, to increase in size, number, 
and activity and to overcome iiritants, traumatic, chemical, bacterial or toxic 
These vessels and glands also have the power to return to their normal size 
and distiibution when the causative agent is destroyed or removed The en- 
tire process of nuti ition is so closely dependent upon lymphatic absorption and 
distribution of fluids that wondei is not excited by the gieat activity of these 
structuies in defense of the organism against disease and in lepair of damage 
of all kinds 

The study of 53 cases of lymphangiomata of the omentum by A H Mont- 
gomery and I J Wolman,® in 1935, is most compi ehensive , 35 of these cases 
were under ii and 18 ovei ii yeais of age It appears, therefore, to be an 
affection of childhood, and this fact taken m connection with other circum- 
stances points to its congenital origin In the 53 cases recorded, only in one 
case was the correct preoperative diagnosis lecorded In part this is due to 
the slow onset and the vague history but it also is the result of the rare occur- 
rence of the affection as well as the difference in the physical findings 

The i'inpO)fant point ts to keep in mind the fact that such a neoplasm does 
OCC111 in childhood Some cases begin as a small, mobile, painless giowth in 
the abdomen of an infant The condition is moie likely to piesent in the epi- 
gastiium, the umbilical 01 light lowei quadiaiit It will usually be smooth and 
irregularly round until it becomes attached to the abdominal wall, the intestine 
01 some othei stiucture from inflammatoiy adhesion Fluctuation is likely to 
be elicited early 111 its development Pam is not important early in most cases 
The first symptoms, howevei, may be the result of a torsion of the omentum 
or intestinal stasis from obstruction of the lumen or from blocking of the intes- 
tinal blood supply Under such conditions the case becomes a grave surgical 
emergency 

Even in the early stages in younger children malnutrition is evident, with 
constipation from the effect of pressure, while occasionally a troublesome diar- 
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rhea persists Nausea and vomiting are often present at the onset Such 
occurrence is so frequent in infants that its cause may be searched for m some 
more usual lesion and a neoplasm overlooked The fact that it does occur in 
infancy should lie kept m mind by the observei In the early stages of its 
development any of the acute ills of an infant aie to be differentiated In the 
latei stages its recognition is based upon its slow development, its inci easing 
si/^e, the contour of the abdomen without any evident increase in geneial nutii- 
tion An afebrile condition also points in its direction although fever, leuko- 
cytosis and general distress with abdominal rigidity may simulate appendicitis 
Tuberculous peritonitis is most likely to be mistaken for lymphangioma, 
but tuberculous lesions are more likely to be irregular in contour Both con- 
ditions ai e likely to be accompanied by ascites and then a fluid wave is elicited, 
together with a flat percussion note Sarcoma grows with moie rapidity and 
affects the health of the patient more promptly It is also more rapidly fatal 
In older patients, ovarian cysts, renal and splenic growths, torsion of the 
omentum or of an ovarian cyst may confuse the clinician Prolonged observa- 
tion can only confuse, and if the use of ladiologic investigation with intia- 
peritoneal air added, if necessaiy, does not clarify the diagnosis, an open ab- 
domen will disclose the trouble and peihaps afford relief 

The report herewith submitted adds another lymphangioma of the omentum 
to the 53 cases previously reported in surgical literature In this instance a 
diagnosis of intra-abdominal tumor with pressure symptoms was charted before 
operation 

Case Report — P P , female, age three, was admitted to the hospital, Januarj 20, 
1937 About three months previously the mother noted an enlargement of the child’s 
abdomen which has been progressive during the past week, dyspnea has been extreme, 
accompanied by pain m the abdomen Intermittent vomiting has occurred The past 
history is essentially negative, with the absence of childhood diseases 

Physical Evamtuaitou — One was immediately impressed with the extreme condition 
of the child, which presented an anxious face with flushed cheeks, some cyanosis, and 
marked dyspnea 

The abdomen is very much distended, enlarged and rounded in contour due to an 
intra-abdominal mass The skin has a waxy appearance There is generalized tjmpany, 
and on palpation a doughy resistance is felt This large tumor is movable slightly in all 
directions and on manipulation causes the child to cry out Some few superficial veins of 
the abdomen are dilated The umbilicus is flat and continuous with the skin level On 
percussion no fluid wave is transmitted 

Laboiatoiy Data Urine — Straw, turbid, acid, specific gravitj 1021, albumen, heavy 
trace, sugar negative, acetone negative, casts hyaline 2 LPF coarse granular, 3 LPF 
fine granular, 5 LPF epithelium, few renal, pus cells occasional, mucus shreds occa- 
sional An examination of the blood showed hemoglobin ii Gm , 65 per cent, color 
index 08, erj'throcj tes 4,300,000, leukocytes 4-350, S Ijmph 24 per cent, L mono- 
nuclears 8 per cent, poljnuclears 64 per cent, eosinophils 4 per cent, ju\ 4 per cent, 
stab 2 per cent, seg 58 per cent Prcopcrative Diagnosis Large mtra-abdominal tumor 
with extreme pressure sj mptoms 

Operation — ^Januar> 26, 1937 Under ether anesthesia, a midline incision was made, 
which disclosed a large, slightly irregular mass which filled the entire abdomen It was 
at first thought to be attached to the left broad ligament, but on more careful examination 
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it was found to be a tumor of the great omentum with a very small pedicle and slight 
\ascularity The attachment was just to the left of the midportion of the transverse colon 
The tumoi was easily delivered and the pedicle ligated close to the colon The abdomen 
was dosed There folloived an uneventful recovery with dismissal from the hospital on 
the thirteenth postoperative dav 

Pathologic Examination Gioss — Cystic, fluctuant tumor measuring approximately 170 
Atm in greatest diameter by about 120 Aim m width and thickness The outer surface 
IS smooth but slightly irregular in contour due chiefly to the distribution of blood vessels 
The site of attachment is slightly roughened The tumor, on being opened, is found to 
consist of a single chamber which has a smooth, glistening lining, containing a watery, 
slighti} 3'eIIowish-tmged fluid 



Tig I — Photognpli of the gross specimen of the hmphangioma of great omentum \\hich 

uas removed 


Micioscopic — Sections of the wall of the cyst show a somewhat h^^alinized fibrous 
tissue This is relatively acellular In places the spaces between the fibers are infiltrated 
by Ijmphocvtes and eosinophils There are also small oval and elongated narrow chan- 
nels in the thicker portion of the wall of the large cyst These small spaces contain an 
amorphous eosin-staining substance They are lined by long flattened cells which appear 
to be endothelial cells Afuch of the inner surface of the large c>st is void ot lining 
endothelial cells This, probably, is the result of atroph}’' due to the presence of fluid 
within the cyst Pathologic Diagnosis Benign lymphangioma of the great omentum 

SUMMARY AND CONCLUSION 

(1) A rare tiimoi of the great omentum, lymphangioma, is reported A 
careful search of the surgical literature reveals 53 to have been previously 
described 

(2) A brief resume of lymphangiomata, especially of the great omentum, 
IS presented 

(3) When confionted with an abdominal tumor in a child, one should not 
forget the possibility of lymphangioma of the great omentum 
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Ln^ING FASCIAL SUTURE IN THE REPAIR OF 
LARGE INGUINAL HERNIAE * 

John F McCloskey, M D , 

AND 

James A Lehman, M D 

PiilLADFLPlIIA, Pa 

Since the intioduction of living fascial suture in the repair of inguinal 
herniae by McArthur, in 1901, very few surgeons have adopted this method 
eithei as a routine or as an occasional procedure We feel that the operation 
has not 1 eceived the acclaim that it deserves, since in all published rejiorts the 
results have shown a striking improvement over other and more popular 
operations 

That the McAithur operation can be performed in conformity with the 
fundamental principles of the radical operations of Bassini, Halsted or An- 
drews is equally true, using, however, living fascial suture deiived from the 
aponeurosis of the external oblique muscle, instead of absorbable or inert 
suture material It is axiomatic, however, that large and especially direct 
inguinal herniae demand an unusually high individualization so far as opera- 
tive maneuveis aie concerned No one proceduie is applicable to all herniae 
in this location, and many factois must influence the choice of operation 
Nevertheless, an operation which will materially 1 educe the number of re- 
currences m the difficult cases should certainly be consideied as possessing 
advantages m all cases, piovided it does not increase the opeiative hazards 
and its pel formance is not beyond the technical ability of the average surgeon 

The use of fascia in opei ations foi hei nia i\ as first repoi ted by McArthur, 
m 1901, and there followed a second aiticle, m 1904. m both of which he 
sti essed the superiority of fascia ovei the 01 dinar) suture materials He made 
use of stiips of fascia derived fiom the aponeuiosis of the external oblique 
muscle and repaired the hernia according to the method of Bassini He stated 
that other methods of sutui mg ai e dependent upon the development of cicatri- 
cial tissue between the sutured surfaces and that failme will inevitably develop 
m a numbei of cases because the cicatiix will yield to pressure He demon- 
strated by microscopic sections that his autoplastic suture healed vi sttxi, that 
it w^as not absoi bed and did not slough 

Attempts to close a large defect in the floor of the inguinal canal, by ordi- 
nary methods, are not always successful The use of catgut, kangaroo tendon, 
silk or linen affects adhesions, if successful, and many times the sutures must 
be applied undei tension It has been our experience that when ordinary 

*Read before the Philadelphia Academy of Surgery, January, 1939 Submitted for 
publication March 24, 1939 
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sutures are applied under tension, they frequently cut through the sutured 
structures Or, when they are absorbed, the weakness or defect recurs 

This is not true of fascia sutures Gallic has shown that there is no inflam- 
matory reaction excited, the fascia survives for years, if not indefinitely, it 
unites with the tissue in which it is embedded, has great tensile strength, and 
does not stietch under pressure as does scar tissue The importance of this 
difference cannot be too greatly emphasized, because the support from the 
classic type of i epair is as strong as the scai which unites the structui es form- 
ing the flooi and roof of the inguinal canal The tendency of scai tissue to 
stretch and give way under pressure is, in most instances, the responsible factor 
m recurrences 

It may be stated as a truism that there are definite anatomic differences 
between the diiect and the indirect hernia These differences are much more 
fundamental than whether the hernia lies lateral or medial to the deep epigas- 
tric vessels Robins has emphasized the deficiency of the structures at the 
pubic end of the canal in direct hernia, demonstrating the absence of a con- 
joined tendon, by the direct passage across the floor of the inguinal canal, of 
the internal oblique and transversalis muscles, leaving a defect at the lower 
end of the canal In addition, the fibers of the lower border of these muscles 
have been shown to be weak and attenuated The greatest defect is at the 
border of the rectus and from there it extends lateralward with a diminishing 
width, often as far as the abdominal ring Because of this, the floor of the 
canal is often weak throughout its extent The importance of repairing this 
defect cannot be too greatly emphasized 

The presence of a preformed sac in the indirect heinia has led certain 
suigeons, notably those of Great Britain, to practice high ligation of the sac 
and nothing further m the surgical cure of these cases That this is sufficient 
many times, is attested by the large number of cuied cases repoited How- 
evei, its use has been restricted laigely to children, and with this practice the 
writers are in accord In the large indirect herniae, and particularly those 
which have existed for many years, the anatomic defect present closely re- 
sembles that which exists m diiect hernia, namely, weakness and attenuation 
of the fibers of the internal oblique and transversalis muscles and a pooily 
developed conjoined tendon Consequently, we feel that in all these cases, as 
well as in all direct herniae fascial sutures should be employed in order to 
secure a larger numbei of pei manent cures 

The incidence of recurrence following the radical opeiation for inguinal 
hernia vai les somewhat, and there are many factors v Inch must be considered 
in evaluating these statistics Table I shows the percentage of recurrence 
from several representative clinics 

Table II shows the statistics which have been reported by several surgeons 
employing the McArthur technic or modifications of it A study of these two 
tables will shov a surpiismg supeiiority in the results obtained by the use of 
fascia suture over those using any other t} pe of suture matei lal, regardless of 
the operative procedure emplo3"ed 
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Tablc I 

INCIDENCC OF RECURRENCE 

Percentage 



No of 



Recurrences 

of 

Author 

Cases 

Dir 

Ind 

Dir 

Ind 

Recurrences 

AVest-Gibson-Cupp 

828 





7 24% 

Page (London policemen) 




25 0% 

20 0% 


Cumberhdge 

517 





8 7% 

Andrew s-Bissel 

1,400 



28 0% 

20 0% 


Lyle 

275 

75 

200 

13 0% 

9 0% 

10 1% 

Coley 

837 


837 


18 0% 

18 0% 

Erdman (over 60) 

978 



42 0% 

10 0% 


Fallis 

800 

154 

646 

II 6% 

7 4% 


Hoguet 

1,212 

249 

963 

6 8% 

I 6% 


Lamens 

613 

102 


28 4% 

3 9% 


Druener 

673 

171 

502 

18 0% 

5 0% 


Taylor 


256 

2,230 

18 0% 

5 6% 



We wish to lepoit at this time our results m the performance of this 
opeiation, to discuss the technic of this procedure, and to leport and analyze 
our failures Unfortunately, we cannot lepoit lOO per cent of cures, but we 
feel that we have significantly reduced the number of lecunences m dealing 
surgically with these difficult cases 

Table II 

INCIDENCE or RECURRENCE FOLLOWING THE MC\RTHUR METHOD 

No of Recurrences 


Arthur 

Cases 

Dir 

Ind 

Dir 

Ind 

Robins 

27 

27 


0 0% 


Cambassis 

25 



0 0% 

0 0% 

Keynes 

100 

45 

55 

0 0% 

0 0% 

Lyle 

154 

54 

TOO 

9 0% 

3 0% 

Cattell- Anderson 

174 

51 

123 

7 8% 

4 6% 


Table III shows the lesults obtained in our operations upon 82 cases 
Most of these cases have been examined postopei atively by one or the other 
of us, or by the family doctoi A few have reported b}^ mail As will be 


Table III 

ANALYSIS or 82 HERNIAE REPAIRED BY FASCIAL SUTURE 
Authors' Senes 


Total cases 82 

Direct hernia 45 

Indirect hernia 37 

Bilateral hernia 8 

Recurrent hernia 2 

Recurrences 3 

Direct 2 

Indirect i 

Percentage of recurrences 3 6% 
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noted, we have had thiee lecuriences Let us fiist coiisidei these recun ences 
individually 

ABBREVIATED CASE REPORTS OF THREE INSTANCES OF RECURRENCE 

Case I — C E , white, male, age 55, was admitted to the Chestnut Hill Hospital, 
May 24, 1931, for the repair of a right indirect inguinal hernia The patient stated that 
the hernia had been present for many jears and had considerably increased in size 
Examination revealed a large indirect inguinal hernia, which w'as easil> reducible The 
internal ring w'as considerably dilated 

Opoatwn — May 24, 1931 A Bassini herniorrhaph}" was performed, using the l^Ic- 
Arthur technic Convalescence w^as uneventful and the patient was discharged, June 

13. 1931 

Several weeks after returning home the patient’s w'lfe developed a cerebral apoplexy 
and the patient stated that it was necessary for him to carry her about Shortly thereafter 
the hernia recurred The undue effort indulged in by this patient so soon after operation 
undoubtedly w'as a contributing factor to the recurrence At present time the patient is 
wearing a truss, w^hich is unsatisfactory 

Case 2 — T P , w'hite, male, age 55, w'as admitted to Chestnut Hill Hospital, July 7, 
1937 The patient stated that he noticed a “lump” in the left inguinal region about one 
jear ago Examination revealed a direct inguinal hernia 

Opciaftou — July 8, 1937 A Bassini herniorrhaphy w'as performed according to the 
method of kIcArthur Convalescence was uneventful and the patient w'as discharged, 
July 30, 1937 He returned to w'ork at the end of six wrecks Six months later the patient 
had a small recurrence at the upper end of the inguinal canal, in the region of the internal 
ring This patient has subsequently been operated upon at another hospital 

This case emphasized the importance of seem ely closing the internal 1 mg 
Recently, we have adopted the method of suturing the external oblique be- 
neath the cold, in order to affoid greatei stability to the flooi of the inguinal 
canal and to reinforce the internal 1 mg 

Case 3 — G B, wdiite, male, age 55, was admitted to Woman’s College Hospital, 
May 17, 1936 He stated that he had had a rupture on both sides for several 5 cars 
Examination revealed a bilateral direct inguinal hernia Examination of chest revealed 
a chronic bronchitis 

Opciatwti — A bilateral inguinal herniorrhaphj was performed, according to the 
method of Me \rthur There w^as a large defect present m the floor of the inguinal canal, 
on both sides, and considerable tension was placed on the suture line 

Postoperativeh , the patient had an exacerbation of the bronchitis wuth persistent 
cough He was discharged from the hospital in good condition, June 9, 1936 

One 3 ear later there w^as a recurrence on the right side, wdiich w'e have recenth 
repaired wnth a strip of fascia lata 

In retiospect, it is quite likely that it would have been safer to have 
lepaiied one side, then, aftei an mterAal of three months, to have repaiied the 
othei side This would ha\e lessened somewhat the tension on the sutuie 
line Also, the exacerbation of the bionchitis and the peisistent coughing un- 
doubtedly weie a factoi in the recuiience in this instance 

Offoativc Tcchnic — The technic which we follow has been changed from 
time to time as inci easing experience has taught us certain important details 

The inguinal aiea is exposed thiough a long, oblique incision fiom the 
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anterior supenoi iliac spine down to the spine of the pubis The aponeurosis 
of the external oblique muscle is divided, from below, upward, from a point 
just medial to the center of the external inguinal ring, to the point where the 
aponeurosis and the muscle blend The hernial sac is handled m the classic 
manner, of high ligation We prefer to transplant the neck of the sac beneath 
the mtei nal oblique muscle 

A strip of fascia, about one-quaiter of an inch m width, is then separated 
fiom the medial leaf of the external oblique aponeurosis It is left attached at 
its lowermost point to the spine of the pubis Its upper end is detached from 
the muscle fibeis The upper end is then threaded into the special “Vollrath 
atraumatic link foi connecting fascial suture to the Gallic needle” (Fig i) 



Tic I — Vollrath atraumatic link for connecting fascnl suture to the Gallic needle The 
needle with attached link is shown, with the punch used for attaching the fascia 

The first stitch is impoitant, because it should obliterate the weakness at 
the lower end of the floor of the inguinal canal The needle, with the attached 
fascia, IS fiist passed thiough the conjoined tendon and then thiough the re- 
flected portion of Poupait’s ligament, known as the triangulai ligament This 
closes the lower end of the canal The sutuie is then passed back and foith, 
uniting the conjoined tendon and the mteinal oblique and transveisahs fascia, 
to the shelving edge of Poupart’s ligament (Fig 2) A goodly amount of 
tissue IS included m each sutuie, which gives the effect of transplanting the 
structures rathei than simply a sutuie line We believe it advisable to fix 
each loop of fascia with a fine linen 01 silk sutuie to anchoi it m place more 
securely When the internal img is closed snugly, the sutuie is fastened at its 
upper end either by splitting it and tying it in a double knot, or simply by 
suturing it with two encircling and tiansfixion sutuies of silk or linen It was 
formerly our practice to sutui e the extei nal oblique aponeui osis ovei the cord 
Recently, we have been sutui mg the aponeui osis beneath the coid, as we feel 
that this gives more stability to the 1 ej^aii Catgut, silk 01 linen may be used 
for this purpose We do not follow the original plan of McArthur aVIio used 
a second strip of fascia to sutuie the aponeui osis This we believe t6 be un- 
necessary Occasionally, there may be some difficulty uniting the edges of 
the aponeurosis, m that case the cut edges may be sutured to the internal 
oblique muscle 
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This technic is applicable in practically every inguinal hernia Occa- 
sionally, in recurrent herniae, the aponeurosis may be so shortened and ad- 
herent that it IS unsuitable for use as a suture In those cases the operations 
described by Gallie, Wangensteen and otheis are indicated 





Fig 2 — Showtng the fascia suture m place, after the suture of the conjoined tendon and 
internal oblique to the shelving edge of Poupart’s ligament 


summary 

(1) Living fascia, in the repair of laige herniae, is superior to all other 
forms of suture material 

(2) The importance of closing the defect in the flooi of the inguinal canal 
is discussed 

(3) A comparison of the results of the McArthur technic, with other 
operations, clearly shows the supei lority of the former method 

(4) Our results, m the performance of this operation m 82 cases, are 
presented 

(5) The technic which we follow is presented in some detail 

Discussion — Dr S Dana Weeder (Philadelphia, Pa ) The problem of 
lecurrence in the surgery of inguinal hernia falls under two headings — wound 
healing and dynamics 

Undoubtedly, the most important consideration m wound healing is infec- 
tion All those conditions, therefoie that favor infection should be avoided, 
such as leaving dead spaces, rough handling of tissues blunt dissection, use of 
large and irritating sutures, buiying of dead organic material, and the cutting 
off of blood supply by improper suturing Under vound healing, there is 
ample reason to belie\e fascia to fascia secures a stronger union than muscle 
to fascia 

In considering d\namics. it will be obseived nature proMded an obliquity 
to the inguinal canal This undoubtedly provides a stronger arrangement 
than if the internal abdominal ring and the external abdominal ring were m a 
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cliiect line with each othei thiough the abdominal wall and there existed no 
obliquity to the canal 

In both types of opeiations, upon which the modern repair of inguinal 
henna depends — the Bassini and the Feiguson — the new external ring is 
found superimposed ovei the site of the internal ring and the obliquity of the 
canal is lost In the Bassini, the new site of the external i mg is at the position 
of the internal nng, and m the Ferguson, the new site of the internal ring is 
at the position of the external nng The site of recurrence aftei a Bassini is 
at the internal nng, and in the Feiguson at the external nng 

Two measuies have been adopted, theiefoie, to strengthen these particu- 
laily weak areas The fascia endo-abdommahs or tiansversalis fascia is used 
to repaii the internal nng m indirect heiniae, and in diiect heiniae it is used 
to sti engthen the floor of the canal in the region of Hesselbach’s triangle 

Finally, to lestoie the obliquity of the canal, I have sutured the aponeuiosis 
of the external oblique, the internal oblique and transvei sabs muscles to the 
shelving edge of Poupai t’s ligament, ovo the coi d, to a point midway betw een 
the internal ring and spine of the pubes Fiom that point down to the spine 
of the pubes those sti uctures are sutui ed beneath the coi d The lower poi tion 
of the incised aponeuiosis of the external oblique is now sutui ed over the cord 
to the point whei e the cord emei ges , it is cut, fitted ai ound the cord and su- 
tured undei the coi d fi om thei e down In this way, both weak areas, the site 
of the internal i mg and of the extei nal i mg, secui e the maximum sti engthening 
and the obliquity of the canal maintained 

Dr L K Ferguson (Philadelphia, Pa ) I have been employing wire 
sutui es in herniae foi about foui yeais In a series of about 142 cases, which 
I recently had an opportunity to leview, theie occuired five recurrences My 
experience with the use of wire has led me to employ it almost to the exclusion 
of othei suture materials, and I have not lesorted to the use of fascia because 
wiie sutui es haA^e pioved so satisfactory The leaction m the tissues with 
wiie IS less than obtained with catgut and even less than with silk In all of 
these cases, with few exceptions, a local anesthesia has been used 

I have giown so confident in the stiength and durability of vne sutures 
that I fiequently allow the patient to be out of bed on the day after operation, 
if it IS necessary for him to be erect to Amid Avithout catheterization As a jule, 
the patients aie peimitted out of bed on the third or fourth day after operation 
m cases of small indiiect inguinal herniae I belieAm that it is particularly 
impoi tant foi patients to be alloAved out of bed early if they are elderly This 
measure has appealed to me as one of the most satisfactory foi use in prevent- 
ing postoperatum pulmonaiy complications and phlebitis 

I find that, as Doctois Lehman and McCloskey have noted, lecurrences 
occui almost inA^ai lably Avithin the first year, and, as a matter of fact m almost 
all cases within the first six months, or eAmn Avithin the fiist three months 
aftei operation 

Dr Henry P Brown, Jr (Philadelphia, Pa ) There is one suggestion 
Avhicli I believe helps considerably in the pieAmntion of lecmience of hernia, 
namely, to thoroughly lemove the aieolai tissue Avhich coveis the inner sur- 
face of the inguinal ligament befoie suturing the tiansversalis fascia, internal 
and external oblique muscles and conjoined tendon to the ligament 

This layer of areolar tissue may be regaided as having a function some- 
Avhat analogous to that of the oil m an automobile cylinder, 111 that Avhen the 
oil IS present the piston glides freely Avithin the cylmdei and AAdien absent the 
piston sticks tightly to the cylmdei In a like mannei, Avhen this aieolai tissue 
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IS allo\\ ed to intervene bet^^ een muscle and ligament, firm union is much less 
apt to occui than hen the muscles and fascia are brought into direct contact 
without the intei position of this areolai tissue 

I also find it advisable to place one or two sutures uniting muscle to liga- 
ment to the outei side of the cord These are steps of precaution which I 
behe\e justif}* then use 

Dr J a Lehman (closing) The average age of the patients w^as about 
40 It has been oui expei lence also that most recurrences occur a short time 
aftei operation, the thiee lecuiiences in this gioup occurred within one year 
The patients in this senes weie all operated upon prior to 1938 I have no 
statistics on infection We did have some, but I am sure the percentage w'a<^ 
not ^e^3’■ high 

Dr J F j\IcCloske\ (closing) I believe that fascial suture has a definite 
place 111 suigen as an adjunct m the treatment of hernia An important factor 
m the cine of henna is the position of the patient after operation I use the 
semi-Fowler position, with the thigh flexed and the knees drawn tow^ard the 
opposite shouldeis I belieie when dealing with laige hermae and m old men 
the best lesults are obtained bi performing castration One can generally, 
obtain a cui e e\ en m the lai ge hermae 
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USE OF WHOLE BLOOD AS A MEANS OF PREVENTING 
PERITONITIS AND ADHESIONS 

A PHELIMINARY REPORT 

Edward G Joseph, MS, MB, M R C S 

Jerusalem, Palestine 

FROM TIIF MrniC\L SER\ ICF OF TIIF nAD\SS\II IIOSPITVL JERUSALEM PALESTINE 

In the year 1936, Jerusalem the “City of Peace” became the “City of 
Turmoil,” foi its hospitals were filled with patients suftenng with all manner 
of gunshot ounds 

Emergency celiotomies wei e performed by da)^ and by night , water m the 
sterihzeis was kept constantly boiling, and numerous outfits for intravenous 
therapy were always in readiness Many patients died , on the othei hand it 
was remarkable how many patients recovered, even though their bowels weie 
torn open in several places and even though fecal matter was found floating 
freely in the peritoneal cavity 

In particular, there was one patient \\ho was veiy seveiely wounded m 
the abdomen and was hi ought m in a state of exti erne shock The descending 
colon had been torn across and the ileum was luptuied in two places, more- 
ovei the peritoneal cavity was filled with blood, and distributed about in the 
area of the torn colon was some considerable amount of feces The injured 
viscera were repaired, the bleeding vessels ligated and the abdomen was closed 
without drainage This patient made an uneventful recoveiy This and other 
cases of a similar nature made a deep impiession upon me 

It was difficult to understand how it was that these patients, flying, as it 
were, in the face of a potential peritonitis, had yet escaped without a severe 
fulminating infection and its logical sequence What was the difference be- 
tween these emergency operations, conducted under such unfavourable con- 
ditions, and the usual carefully conducted lesection of the laige bowel, which, 
in spite of the utmost precaution, so often ends with a fatal peritonitis ^ 

It IS obvious that, whereas, the systematic resection of the bowel is con- 
ducted in a perfectly dry field, these emergency operations weie undertaken 
in a field swimming with blood 

There seemed no othei essential chffeience between these two proceduies, 
and it was felt that, possibly, the piesence of the blood had had a beneficial 
effect and might have prevented the occurrence of peritonitis 

Accordingly, experimentations upon animals were carried out in an en- 
deavour to substantiate the theory that fresh blood is capable of augmenting 
the natural defence mechanism of the peiitoneum 

Befoie giving the results of these experiments it would be of interest to 
refer briefly to the bibliography of peritoneal immunity 

Submitted for publication May 18, 1939 
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Picvious Investigations oj Pci itoneal Immunity — Issayeff/ in 1894, found 
that the intrapei itoneal injection of steiile iriitants such as blood serum, broth, 
and NaCI solution increased the pei itoneal resistance to bacteria He found 
that these iiiitants weie only moderately effective and at the same time there 
u ei e local systemic 1 eactions usually unpleasant and often severe 

Steinberg” ^ showed that satisfactory pei itoneal piotection is determined 
by thiee factois 

(1) A sufficient]} laige numbei of phagocyte cells must be mobilized to 
phagoc}tose invading bacteria and to pi event bacterial multiplication and 
elaboiation of subtle toxic substances 

(2) Such a mobilization lequires retention of the leukocyte-evoking 
antigen uithiii the pei itoneal cavit} Most antigens including ordinal y sus- 
pension of bactei la leave the pei itoneum too rapidly to be effective 

(3) Stembeig shoued that a solution of gum tragacanth holding in sus- 
pension a piepaied strain of EscJiei ichia coli, treated by long exposure to a 
weak solution of formaldehyde, fulfilled these requirements 

Sparks'* injected blood togethei w'lth a broth suspension of bacteria into 
the pel Itoneal cavity of dogs He found that autogenous blood together with 
varying types of pathogenic oiganisms injected into the pei itoneal cavity of 
dogs did not predispose to the production of peritonitis 

Rankin, wdio preMously had lecommended intrapentoneal vaccination as 
a means of protection against peiitonitis, has, in lecent papers, definitely ad- 
vised against this practice 

Expci inicnts upon Aniinols — In oidei to investigate the theory that free 
blood 111 the pei itoneal cavity inci eases the resistance of the peritoneum against 
infection, it w as necessary to produce pei itonitis in animals The experiments 
were divided into three categories 

Gioup I The abdomen w^as opened and some feces weie inseited into the 
peritoneal cavity and the w ound w^as closed This procedure w^as carried out 
on 10 rabbits and twm dogs Of these animals, only one died 

Gioup II The abdominal cavity was opened and feces weie inserted, in 
addition, the sigmoid colon w^as incised tiansveisely and immediately closed 
by tw'o lows of catgut sutuies This piocedure was carried out upon five 
rabbits and seven dogs Of these animals, all developed peritonitis but one, 
and this dog developed a paialytic ileus 

Gi oup III The same procedure as in Group II was carried out but in 
addition fresh blood was inserted into the peritoneal cavity In the case of 
dogs, 50 cc of blood w^ere inserted into the peritoneal cavity 

Method oj Blood Injection — The abdomen w^as sutured in the usual way 
but a catheter was left at the angle of the wound At this point a suture was 
inserted but not tied Blood taken fiom the animal was mixed with citrate 
solution and then injected through the tube The catheter was then with- 
drawn and the suture tied Eight dogs were treated in this way Of these 
animals, six survived The two dogs who had died were examined and it 
was found that their deaths were caused, not by peritonitis but from a severe 
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infective neciosis of the abdominal wall, there were no adhesions in the 
peiitoneal cavity of these two animals 

Seveial dogs of this gioup who did not die Aveie afterwards sacrificed and 


the peiitoneal cavities weie found to 

be absolutely free from 

all signs of 

adhesions 

Tabi e I 

Number of 

Number That 
Developed 

Group I 

Animals 

Peritonitis 

Percentage 

Abdomen opened and feces inserted 

Rabbits 10 

I 

10% 

Group II 

Dogs 2 

0 

0% 

Abdomen opened, feces inserted and sig- 

Rabbits 5 

5 

100% 

moid incised 

Group III 

Dogs 7 

6 

85% 

Abdomen opened, feces inserted, sigmoid 
incised, and fresh blood injected 

Dogs 8 

2 

25% 


It was found impossible to conduct these experiments upon pregnant 
animals since the resistance of the peiitoneal cavity w^as so greatl}’^ reduced by 
the pi egnancy 

Comment — The extraoidihary difference m the peicentage mortality be- 
tween Gioup I and Group II definitely pioves that contamination of the 
peritoneal cavity with feces is not in itself sufficient to pioduce a fatal out- 
come A superimposed injury or lowering of the vitality of the peritoneum 
must also be added 

Whethei the evisceration of the boivel produces this injury oi whether the 
opening of the colon itself piovides this trauma is not at all cleai Possibly 
both factois acting together contribute to lower the peritoneal vitality and 
cause it to succumb to the bacterial infection 

The difference in the lesults between Gioup II and Group III ivould serve 
to indicate that free blood in the peritoneal cavity increases the lesistance of 
the peritoneum by 75 per cent 

Two of the dogs in Gioup III who had died showed at autopsy that then 
deaths had not been caused by peritonitis inasmuch as they had died as a re- 
sult of a severe infection of the abdominal "walls with necrosis of the muscles 
and surrounding tissues This infection was possibly the outcome of con- 
tamination acquiied during the introduction of feces 

There seems to be a definite relationship between the piesence of blood 
111 the peritoneal cavity and the pioduction of adhesions 

In Group II, in which feces were inseited ivithout the addition of blood, 
the majority of the animals were shown at autopsj’’ to have suffered with an 
intense peritonitis, with severe matting and adhesions of the boivels 

In Group III, in which feces were inserted together ivith blood, a totally 
diffeient picture -was shown Here the peritoneal cavity was found to be 

620 



\ olumt 111 
> umber 4 


BLOOD AS PREVENTIVE OF PERITONITIS 


noiiiml, and fiee fiom adhesions When it is home in mind that quite a 
quantity of feces was spiead at landom ovei the bowels, this absence of ad- 
hesions was quite lemaikable 

Clinical Applicaiion — As a lesult of these obseivations it w^as decided to 
apply this method to the tieatment of peiitonitis in human beings 

ILLUSTR VTIVE CASE REPORTS 

Case I — A joung man was bi ought into hospital wnth the histor}’- of a duodenal 
ulcer that had recenth perfoiated Immediate celiotom}" was performed under spinal 
anesthesia, and a large peifoiation was found in the duodenum, and the w'hole abdominal 
caMt\ filled with gastiic content and m a state of intense inflammation 

The pcrfoiation was closed b\ means of a large catheter that suitably filled the 
orifice, and some omentum was sutured aiound the perforation At the close of the opera- 
tion a catheter was placed at the corner of the w'ound which w’as then closed An untied 
suture passing thiough both peritoneum and fascia was inserted at the angle of the w'ound 
w'here the catheter la\ Two hundred cubic centimeters of blood w^ere withdrawn from 
the patient and were nii\ed with 30 cc of a 2 per cent sodium citrate solution This blood 
was then run into the abdominal cavity and the catheter w'as w'lthdrawm, and the loose 
suture tied The patient made an unmtenupted recovery and has not since been troubled 
bj the ulcer 

Case 2 — An elderh man was brought into the hospital, wnth the history of a 
duodenal ulcer that had perforated si\ hours previouslj Operation, under spinal 
anesthesia, disclosed a condition of severe peritonitis The ulcer w'as treated as in Case i, 
and again 200 cc of citrated blood w’ere left m the peritoneal cavitj" The patient had a 
smooth coiiA alescencc 

Case 3 —A man, age 72, w-as admitted to the hospital, m a condition of ileus, with a 
historv of vomiting, much abdominal pain and a very greatly distended abdomen 

Operation, under spinal anesthesia, showed an abdominal cavity filled with pus, a 
\ery necrotic appendix, and a condition of ileus The appendix w'as removed, the ab- 
domen closed without drainage and 200 cc of citrated blood w'ere left m the abdomen 
The patient made a \ery uneventful recovery, and left the hospital none the w'orse for 
his experience 

Case 4 — A young man w'as brought into hospital wnth a gunshot wound of the 
abdomen and in a condition of considerable shock Intravenous saline therapy was in- 
stituted and an immediate celiotomy was performed The jejunum w^as ruptured m four 
places, and there w'as a large hole m the descending colon with the extrusion of much 
feces The abdomen contained a large quantity of blood This patient, some days later, 
developed a severe ileus which w'as treated wnth the Miller-Abbott tube and spinal 
anesthesia wuth complete success 


CONCLUSIONS 

As a 1 esult of expei unents cat ned out upon dogs and 1 abbits, the following 
conclusions w'eie arrived at 

(1) Infection of the peiitoneal cavity wuth a small quantity of fresh feces 
does not of itself tend to produce peritonitis This was found to be the 
case m almost 100 pei cent of the experiments 

(2) Infection of the peritoneal cavity wnth a small quantity of fresh feces 
togethei with exposure and trauma to the bowel wall, did tend to pioduce 
pentonitis in 90 pei cent of the experiments 
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(3) The injection of free blood into the peritoneal cavity increases the 
immunity of the peritoneum against infection by over 75 per cent 

(4) The injection of free blood into the peritoneal cavity prevents the 
pioduction of adhesion in a large percentage of cases 

My thanks are due to Professor Saul Adler, of the Hebrew University, for his 
\aluablc advice, and in whose department many of these experiments were carried out 
Professor Bernard Zondek, also of the Hebrew University, very kindly permitted me 
to use his laboratories, and gave me much valuable advice 
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THE INTRAVENOUS USE OF SERUM AND PLASMA, FRESH 

AND PRESERVED* 

Max M Strumia, M D , Joseph A Wagner, M D 

AND 

J Frederick Monaghan, M D 
Brin Mawh, Pa 

FROM THE BRYN M\Y\R HOSPIT\L, BRYN MWYR, p\ 

The intravenous use of serum and plasma m place of whole blood is 
not new The number of contributions on this subject has greatly increased 
m the last few years 

One of us has been mteiested m this problem intermittently since early 
1927, at which time human serum was intravenously administered in cases 
of seveie infections, especially those of streptococcic origin It was noted 
then that the intravenous administration of serum in sufficiently large quan- 
tities (50 to 100 cc ) was commonly follow^ed by leactions, often very severe, 
even wdien the sera w^ere homologous, i c , caused no agglutination of the ery- 
throcytes of the recipient Foi seiuin, in this papei, is meant the fluid por- 
tion of the blood separated aftei clotting Later (1929—1930), citrated blood 
was centiifuged and the plasma employed instead of serum Primarily, this 
method w as adopted because of its simplicity and its greatei yield of the fluid 
portion It was then noticed that the plasma, mti avenously administered, 
caused no reactions, even when no attention was paid to typing As a pre- 
caution the plasma was diluted with equal parts of saline solution before 
administration We did not know'^ at that time that this behavior of blood 
se'ium and blood plasma had already been observed and studied by Brodie,^ 
as early as 1900 He found that, m cats and other experimental animals, the 
intiavenous injection of blood seium, even autogenous, commonly produced 
reactions, wdiich did not occur w hen similai quantities of sodium citi ate plasma 
w'ere used 

Of recent years, the intiavenous injection of blood plasma m place of 
wdiole blood has been made the object of intense study by the Staff of the 
Bryn Mawa Hospital Both seium and plasma have been used m infections,- 
m the prophylaxis and tieatment of nutritional hypoprotememia and anemias 
resulting therefrom,*’ in burns,"^ ® in certain hemorrhagic and hemolytic 
diseases, in preeclamptic states, in liver disease,'^ in chionic colitis, and, finally, 
in secondary shock ® 

It IS not the purpose of this communication to evaluate the clinical results 
of the use of plasma m the various conditions enumerated nor to discuss the 

* This investigation was aided by a special Research Fund established by the Women’s 
Board of the Bryn Mawr Hospital Submitted for publication February 12, 1940 
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lationalc of whole blood tiansfusion, but rather to emphasize the simplicity 
of piepaialion and the safety m its use as compared to whole blood, and to 
make cei tain comparisons with the use of serum, both fresh and preserved 
The blood is collected in a closed system (Fig i), employing as an anti- 
coagulant 2 per cent sodium citiate solution in saline m proportion of loo cc 
foi each 500 cc of blood The citiate-salme solution is fiist drawn into a 



liter pyrex flask by suction The blood is then collected, using a rather large 
needle (No 15-16 gauge) with the aid of slight suction The flask is gently 
and continually rotated during collection, to insure thorough mixing of the 
blood with the citrate-salme solution The plasma is separated by centrifuging 
the citrated blood for about one-half hour at high speed (2,000 r p m ) When 
consideiable quantities of plasma are to be piepared, it is convenient to use a 
large centrifuge, holding foui 250 cc 1 ubber-capped glass containers The 
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opalescent supernatant plasma is lemoved by suction in a closed system and 
IS stored at 4° C The aveiage yield of plasma is a little over 50 per cent 
of the citrated blood employed, not including the added citi ate-sahne solution 
If the plasma is to be kept moi e than one day befoi e being used, it is advisable 
to add “Meithiolate” i 10,000 as pieseivative On standing, there occuis, at 
times, a flocculent piecipitate vhich is leadily lemoved by shoit centrifugation 
It does not, hovevei, cause leactions if not lemoved If the blood is collected 
aftei a meal, a buff layer of lipoid substance will, on standing, use to the sur- 
face of the plasma This mateiial need not be lemoved, as it causes no reac- 
tions, and IS easily lesuspended by gentle shaking befoi e admimstiation 
Conti ary to the statement of Lehman,*’ and otheis, it is not necessaiy, in 
oui expel lence, to t3pe the citrated plasma pi 101 to the intravenous admin- 
istration ElliotU’’ leached the same conclusion As a lule we dilute the 
plasma with equal parts of saline 01 saline-glucose solution before injection, 
and regulate the speed of admimstiation from 5 to 10 cc per minute When 
for paiticular leasoiis the bulk of fluids is to be limited, undiluted plasma may 
be safely administered In such cases we legulate the speed of injection 
not to exceed 5 cc pei minute The speed of admimstiation does not seem ' 
to be, vithin ceitain limits, an essential factor, unless theie exists a clinical 
conti amdication Undiluted plasma has been given 111 emergency cases at the 
1 ate of S-io cc per minute w ithout reaction A^iscosity of the mateiial pi events 
admimstiation at gieatei speed when the usual gravity method and a small 
size needle (No 19-20 gauge) aie employed 

Plasma thus administered has pioved its complete safety and absence 
from leactioiis m over 1,500 administrations One veiy important featuie 
IS that It can be given m veiy laige and lepeated doses In one instance as 
much as 7,300 cc were given in ii days to a patient with seveie burns, in 
an effort to maintain the seium piotem concenti ation of the blood at a normal 
level As much as 950 cc of undiluted plasma weie given as a single dose, 
followed immediately by 450 cc of whole blood, without reaction Intravenous 
injections of citrated plasma, fresh and preserved, have been repeated at 
intervals of three weeks, or longer, without reaction 

In 1935, Elser, Thomas and Steffen,^’- and, later, Flosdorf and Mudd’^^ 
published reports on the pi ocedui e for the preservation in the lyophile foi m of 
serum and other biologic substances Serum preserved m the lyophile form 
has been employed intiavenously following regeneration with sterile water 
m the treatment of nephrosis by Aldrich, et al and Jeans,^^ for the 
1 eduction of increased intracranial pressure by Hughes, et al , ^ and in 

hypoproteinemias by Ravdin ^ It has been suggested from experimental 
vork upon animals by Bond and Wright,^® that the use of regenerated 
lyophile serum would be of benefit in hemorihage and traumatic shock 
Mahoney,^'* employing lyophiled plasma, reached the same conclusion after 
similar experiments Thompson, et al used lyophiled plasma to prevent 
hypoproteinemias and wound disruption in experimental animals 
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Intiavenous adniinistiation of lyophilecl serum is often followed by reac- 
tions Thus, Aldrich, et al noted reactions to intravenous administration 
of lyophiled seium, which in two out of nine cases were severe and accom- 
panied by chills and high tempeiature Lehman'’ reported reactions with 
similai material, as does Ravdin In oui expeiience, the intiavenous ad- 
ministration of lyophiled seium has often been accompanied by severe reac- 
tions, even with as little as a 5 cc dose These reactions have been generally 
attributed to a change induced in the serum by the lyophile process Our 
experience wuth fresh serum, related above, led us to investigate the use of 
lyophiled plasma Citrated plasma, separated in the manner above men- 
tioned, and lyophiled by the method of Flosdoif and Mudd,^” w'as legenerated 
wMth sterile w'ater to lestoie its original volume and administered intravenously 
to patients in quantities up to 100 cc without reactions This material was 
then employed in greatei quantities in isotonic foim and also m the hyper- 
tonic form, 1 e , concentrated as much as five times, still without reaction The 
followang is an abstract of a typical case 

Case Report — A white woman, age 82, weighing 63 Kg , was admitted to Bryn 
Mawr Hospital wnth amebic dysentery During the convalescence the patient developed 
hjpo-albuminemia, with generalized pitting edema and oliguria She was given, in- 
travenously, citrated, Ijophiled plasma regenerated wuth distilled water to only one-fifth 
of its original volume (125 cc , corresponding to 625 cc of undiluted plasma) The 
Ijophiled material had been preserved for several months The plasma was administered 
by the drip method, during a period of 20 minutes There was no reaction The 
urinary output exceeded the intake for a period of three days following the administra- 
tion of plasma Within 48 hours, the edema had disappeared and in six days, when 
again checked, the blood albumin concentration rose from 2 6 Gm per cent to 3 2 Gm 
per cent 

In other cases, concentrated lyophiled plasma was administered at even 
gi eater speed, up to iio cc of five times concentrated solution (corresponding 
to 550 cc of undiluted citrated plasma) in six minutes, without reaction It 
IS to be noted that concentrated lyophiled plasma appears as an opaque, amber, 
viscid fluid and that, to obtain the speed of transfusion mentioned above, a 
syringe must be used We do not advocate rapid administration except in 
emergency cases, but w^e report it to emphasize the safety of the material 
The method of choice for injection is the drip method, at a rate of about 4-5 
cc per minute 

Comments and Discussion — It may be accepted as a fact that intravenous 
administration of serum, fiesh or preserved by the lyophile process, is often 
followed by seveie reactions These reactions were not encountered, m our 
experience or in that of other workers, etc ,■* ® when citrated plasma, 

separated by centrifugation, is employed, fresh or preserved, either by re- 
frigeration or by the lyophile process We do not intend to discuss the physio- 
chemical differences between the serum and plasma responsible for the men- 
tioned difference m behavior We may assume, with Brodie,^ that the differ- 
ence IS brought about by the process of fibrin precipitation Reactions often 
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occur when citiated blood in which, accidentally, clotting has taken place, is 
injected intiavenously Filtiation to eliminate blood clots does not pi event 
reactions 

It IS unfoitunate that, in many repoits, the teims '^seiuni” and “plasma” 
appear to be used intei changeably Foi instance m the article of Mahoney 
Bond and Wiight^^* aie quoted as having employed lyophiled plasma Bond 
and Wright used lyophiled seium only m then investigative woik“^ Simi- 
larly, McClure^ appeals to use the t^^o teims mtei changeably 

In the ordinal y type of hospital the lyophilmg of plasma is not neces- 
sary, due to the fact that plasma keeps well under ordinal y conditions of refrig- 
eration (about 4° C ) for seveial months, except when used for its piothiombm 
and complement content The content of specific antibodies m the plasma 
remains unchanged foi at least 32 days the complement activity begins to 
decline only aftei the thud and fouith week,-- in a manner similar to that 
reported for refiigeiated blood The period of useful suivival of prothrombin 
was found to be one week to ten days,-- similai to that found foi the refrig- 
erated blood by Rhoads,-'^ and Loid 

Plasma pieserved at 4° C has been employed successfully after 40 days, 
in the treatment of secondaiy shock® and vaiious foi ms of hypoprotemeniias 
It is piesumed that blood plasma can be preseived by refrigeration for much 
longer periods of time Thus, plasma has been kept foi three to foui months 
m the frozen state, and then employed intravenously, without reaction Re- 
frigeration at 4° C IS piobably as effective as freezing as a means of pieserva- 
tion, but technically much simpler 

In the Bryn Mawi Hospital, the plasma is a by-pi oduct of the blood bank 
Experimental data-- suggest that refiigeiated blood is useless, occasionally 
dangerous, aftei five days of preseivation Citiated blood after five days of 
storage is centiifuged, the plasma pooled, dated and preserved This keeps 
a fresh supply on hand foi use m the conditions outlined previously The 
lyophile method of pieseivation would, obviously, be of value in isolated hos- 
pitals, in cases of emergency in outlying districts, involving field work , dis- 
asters of many soits, such as fires, flood, earthquakes, war, etc and for 
cases 111 which hypei tonic plasma is indicated We have employed lyophiled 
plasma kept for a peiiod of ten months without leactions, it can, in all 
probability, be kept for a much longer period of time 

CONCLUSIONS 

The intravenous use of citrated blood plasma without cross-matching is 
both safe and convenient This applies to fresh plasma, or plasma preserved 
by either refrigeration at 4° C 01 the lyophile process Serum, separated after 
clotting, may cause reactions, often seveie, nhen intravenously injected, 
whether employed fresh or preserved by either 1 efngeration or the lyophile 
process 

Appreciation is expressed to the Staff of the Bryn Mawr Hospital for their helpful 
cooperation and, especially, to Dr D D Bond for valuable aid 
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FUNDAMENTAL FACTORS GOVERNING LYMPHATIC SPREAD 

OF CARCINOMA 

Richard K Gilchrist, M D 
Chicago, III 

The lymphatic spread of carcinoma is generally spoken of as a permea- 
tion 01 embolism tin ough an affei ent lymph channel, involvement of the lymph 
node, spiead through the node into the efferent lymph channel, and a repeti- 
tion of the piocess tin ough nodes until the thoiacic duct is i cached Sampson 
Handley,^ studying advanced lesions, was an advocate of the permeation 
theory Ewing” recognizes the process of permeation hut maintains that much 
of the spiead must he by embolism An important surgical aspect of this 
question is the mannei of spi ead, once a node is involved, and the significance 
of finding involved nodes at the tune of operation 

A very careful study of the lymph node metastases in 74 operative speci- 
mens of carcinoma of the rectum and colon was made This was done by 
clearing the specimens as described (Gilchrist and David) ^ Full scale draw- 
ings of all specimens with the arteiial tree and the exact location of the lymph 
nodes in relation to the tumor and arteries were made About 3,500 different 
lymph nodes were studied and microscopic sections were made Three hun- 
dred sixty-foui of these nodes contained carcinoma metastases In addition. 
Dr C W Monroe has allowed me to review 651 microscopic sections of lymph 
nodes studied in a similar fashion in operative specimens of carcinoma of the 
breast Theie were 118 of these nodes which contained metastases A study 
of our material has led me to the conclusion that the lymphatic spread of car- 
cinoma IS primarily embolic, and that the nodes where emboli lodge prevent 
further spread until the node is completely overwhelmed by carcinoma Fur- 
ther embolic spread is through the collateral lymph channels, each new node 
involved tending to make a longer channel for a new embolus to travel Spread 
from one node to another is not common, at least during the period when 
lesions aie seemingly operable 

In order to understand the factors governing the spiead of carcinoma 
through the lymphatic system, let us examine its structuie The lymph is 
collected into thin-walled elastic channels which run for a variable distance 
from their origin in the sti ucture to be drained to the lymph nodes The nodes 
and lymph channels tend to he m close proximity to the blood vessels supply- 
ing the region The nodes aie made up of a capsule, thick or thin, or the small 
nodes of the mesentery may have no capsule, but there does seem to be a defi- 
nite boundary between the lymphoid tissue and the surrounding fat In those 
nodes containing a capsule the collecting lymph channels pierce the capsule 
and discharge their contents into the subcapsular space which lies between the 
capsule and the lymphoid tissue The center of the node has a connective 
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tissue framework, the leticulai cells The laiger nodes are divided into gross 
compartments by connective tissue trabeculae leading from the capsule to the 
lulus of the node The lymph cells are found between the reticular cells 
Theie aie many collecting lymph channels entering each node I have repeat- 
edly made injections directly into ten to 14 different affeient channels entering 
one node in a dog’s mesenteiy These, of coinse, all empty into the subcapsu- 



lar space Many large afferent lymph channels break up into two, three, or 
more short channels just outside the node, and then these shorter channels 
pierce the capsule to empty into different parts of the subcapsular space, or one 
of the short channels may empty into the lymph sinus of an adjoining node 
In addition, there are usually several different anastomosing channels between 
the large afferent channels draining a given region of the bowel, and the chan- 
nels draining into adjacent nodes on either side (Fig i) 
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When a colored solution is injected into an affeient lymph channel of a 
dog’s 01 rabbit’s mesenteiy, using very low pressure, the solution will pene- 
tiate thiough the node without coloimg all of it The node seems to be divided 
giossly into separate anatomic units so that mateiial from a given channel 
seems to diain to a limited part of the node When piessure is used m the 
injection, the entiie node will be coloied before any dye appeals in the efferent 
channel If, instead of a coloied solution, a suspension of carbon particles 
Yz to i IX in diameter, oi of silica which is less than Yz [x m diametei, or a 
suspension of baiium oi caimme particles is used to inject into the afferent 



Fig 2 — PIiotomicrogrTpIi of Ijmph node 'ilmo'^t compIetel> repHced by CTicinoniT 
nietTstTses The normnl pirts nre seen ns dense finelj grnnulnr arens A suspension of 
cm bon particles was injected into the bmph channels in the neighborhood of the car 
cinoma of the breast Most of the carbon is seen in the normal part of the node although 
some of it penetrates a short distance along spaces between the cancer cells A part of the 
lymph sinus \\hich is invoked with cai cinoma also contains carbon particles Two areas 
of fatt> degeneration are seen 

channel using veiy low pressure, a diffeient picture is seen The suspension of 
coloied pai tides will partially fill its own compartment in the subcapsular space 
(Fig I A) If more piessuie is used, the suspension will either overflow into 
the lemamdei of the node oi it will entei the adjacent paits of the node thiough 
one of the shoi t channels leading into a different pai t of the subcapsular space 
(Fig I B) If theie is much piessure, the node is soon a solid black and the 
suspension may pass into one or even two oi thiee of the adjoining nodes 
through the shoit channels (Fig i C) At the same time it may back up one 
of the tiibutary channels emptying into the oiiginal channel injected and it is 
often possible to get it to go thiough a retiogiade anastomosing channel and 
come through anothei affeient channel into an adjoining noimal node (Fig 
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I D) Even gieat piessuie to the point of lupturing the walls of the afferent 
channels will not foice any one of the fine suspensions thiough the node If 
the animal is killed immediately oi is allowed to live foi a week and then 
killed, no sign of passage thiough any node is seen, either m tiansparent 
piepaiations or m micioscopic sections 

This demonsti ation of the collateial diamage is made easiei by blocking 
the afferent channels of one node with sodium moiihuate thiee or four days 
befoie injection with the coloied suspension The blockage will cause a dila- 
tation of the collateial channels This expeiiment shows veiy graphically 


\ 



Fig 3 — PhotonucrogrTpli of a c-ircinoma metastasis confined to the subcapsular space 
The thickened capsule o\er the region of the metastasis is ciearl> seen 

how, when a node is destioyed oi blocked, the lymph drainage is leiouted 
through collateial channels, or by retrograde means, into a channel draining 
into a normal node Carcinoma cells are 7 // oi more m diameter m contrast 
to these pai tides, which were all less than i [i 111 diameter The normal system 
of collateial lymph channels, plus the demonstration of letrograde channels 
available when nodes aie blocked, shows how much more likely spread of the 
Uige carcinoma cells is apt to be by collateial channels than by growth thiough 
lymph nodes 

A study of our suigical mateiial has hi ought out the following facts 

(1) Permeation of caicinoma through lymph channels was seen only when 
the lymph node cential to the channel involved was already blocked with 
carcinoma 

(2) Carcinoma metastases do not completely destioy the function of a 
node until all of the node is destroyed This was shov n m a suigical specimen 
of carcinoma of the breast The lymph channels m the neighborhood of the 
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tumor were injected with a suspension of carbon particles The specimen was 
cleared and some of the lymph channels and several lymph nodes were seen to 
be outlined in black This section shows how the carbon suspension could 
still flow into a node which contained a large metastasis Most of the carbon 
is found 111 the normal part of the node although some of it penetrates a short 
distance along spaces between the cancer cells (Fig 2) 

(3) Forty-four of the 364 carcinomatous nodes contained metastases lim- 
ited to the subcapsular space just beneath the capsule (Fig 3) In 150 of the 
364 involved nodes, the lymphoid tissue was completely replaced by carcinoma 

(4) Throughout the entire series a common pat- 
tern of lymph node metastasis was seen When the 
metastasis has grown larger than the small sub- 
capsular lesion, the spread is by expansion around 
the subcapsular space and into the depth of the node 
This IS usually accompanied by a thickening of the 
capsule especially over the area adjacent to the 
growth There may be a more or less heavy layer of 
fibrous tissue between the cancer cells and the lymph 
cells In many cases there is so much interference 
with nutrition that we see a thick layer of fibrous 
tissue, a thin rim of live cancer cells within this, and 
necrosis in the center Giowth progresses until we 
see one or seveial large nodes, usually lying close to 
the main blood vessels, in which the lymphoid tissue 
IS completely replaced by carcinoma Groups of 
lymph nodes which are completely replaced by me- 
tastases tend to be found in certain regions In 
specimens of carcinoma of the rectum and lower sig- 
moid such nodes are usually located near the bifurca- 
tion of the superior hemorrhoidal artery (Fig 4) In 
carcinoma of the breast, nodes about one inch below 
the biachial vein and along the lateral edge or just be- 
hind the pectoralis minor muscle are the ones most 
likely to be completely replaced by carcinoma The group of heavily involved 
nodes is along the mam 01 pinnaiy line of lymph drainage Nodes in- 
volved below or lateral to these nodes are apt to be subcapsular lesions or 
ones which are obviously late metastases 

(5) In no case has theie been any evidence of penetration of carcinoma 
outside of the capsule of any node, except whei e there was a collection of large 
involved nodes Ijnng tightly packed togethei In seven of the nine cases 
where this occurred, the superior hemoi rhoidal artery or the mam artery sup- 
plying the region of the nodes was blocked by pressure of the nodes Several 
of these nodes contained necrotic material 

(6) In SIX cases, retiogiade metastasis of lymph nodes was found below 
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Fig 4 —Path No 33779 
Operative specimen showing^ al 
most complete occlusion of su 
perior hemorrhoidal artery by a 
mass of necrotic carcinomatous 
nodes In some of the tightlv 
packed nodes the carcinoma had 
penetrated through the capsule 




Fig s — Path No 33730 E\ample of e\tensue metastases to central lymph 
nodes, apparent Ijmph blockade, and metastasis in a retrograde manner to a node distal 
to the lesion 




Fig 6 Fig 7 

Figs 6 and 7 — Path No 36303 Figure 6 Operatue specimen of carcinoma of the rectum 
showing extensive lymph node metastases abo\e the tumor and diagram of the autopsy preparation 
showing limitation of the upward metastasis Figure 7 The one node in\ohed was just outside of 
the operatue field — and it was a small subcapsular lesion 
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caicinomala of the bowel oi lectum In eveiy one of these enough of the 
nodes central to the lesion weie completely leplaced by caicmoma to make us 
feel ceitain that theie was a very maiked ohstiuction to lymph flow and the 
metastasis was by letiogiade means (Fig 5) 

(7) Postmoitem examination of suigical patients demonstiates the tend- 
ency of the lymph nodes to block the spiead of caicmoma even in advanced 
cases In foui cases, wheie the patients died within two weeks aftei resection 
of the rectum 01 sigmoid foi cai cinoma, microscopic sections wei e made of all 



Figs 8 and 9 — Path No 36642 Figure 8 Operatne specimen of extensue high l>ing l>mph node 
imolvement, and autopsy preparation Figure 9 The thiee nodes near the line of resection of the 
superior hemorrhoidal artery could not be resected at this site because of a congenital peritoneal anomaly 
The highest node inaolved showed only a small subcapsular metastasis 

of the reti operitoneal nodes fiom above the point of oiigin of the superior 
mesenteric arteiy to the infenor boidei of the prostate, as far distal as it is 
possible to cut the ai teries fi oni within the abdomen Each of these prepara- 
tions contained no to i6S lymph nodes The one patient who had no metas- 
tases in his operative specimen also had none in the no abdominal nodes 
examined In the second patient (Fig 6) 43 of the 62 nodes found in the 
surgical specimen contained metastases In spite of the extensive lymph node 
involvement in the operative specimen (Fig 7), there were no metastases 
above the point of lesection The one node involved was about i cm lateral 
to the widest point of resection, along the superior surface of the levator am 

636 



Volume 111 
Isumbcr 4 


LYMPHATIC SPREAD OF CARCINOMA 


muscle This is the second route of lymphatic metastasis in carcinoma oc- 
curring at the level of the levator am muscle The thud patient was a man 
72 yeais of age Theie were a numbei of enlaiged nodes high up (Fig 8) 
Because of a pecuhai congenital pei itoneal anomaly the superioi hemorrhoidal 
aitery could not be lesected as high as it usually is Thirty-five nodes were 



Tigs lo and ii — Path No 37719 Figure 10 Operative specimen of carcinoma 
of the rectosigmoid having a very large mass of involved nodes close to the line of 
resection Figure ii Autopsy specimen sho\\ing a small subcapsular metastasis in a 
node just bejond the line of resection \ 


found in the operative specimen, seven of them contained carcinoma The 
diagiam of the postmoitem pieparation (Fig 9) shows the location of the 
III nodes studied The four nodes found to be involved at postmortem are 
maiked The three nearest the tumor were heavily involved with carcinoma 
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and would piobably have been removed except for the congenital anomaly 
The fourth postmortem specimen was from a man 66 years of age The lesion 
was just above the i ectosigmoid It was the size of a fist and theie was a 
large mass of nodes up to the promontory of the sacium A David'* type of 
obstruction lesection was pei formed (Fig lo) Many of the involved nodes 
seen neai the highest point of resection were completely destroyed by car- 
cinoma (Fig ii) Only one of the i68 nodes found in the postmortem prepa- 
lation contained caicinoma, and that was a very small subcapsular metastasis 
None of these foui patients had demonstrable inetastases either m the liver, 
lungs or elsewhere at postmortem 

CONCLUSIONS 

( 1 ) The noi inal lymph node of a rabbit or dog will not pass a suspension 
of insoluble particles i n or less in diameter even when pressure of 120 cm of 
water is used The coloiing of a number of adjacent nodes by the particles 
following injection into a single afferent lymph channel is explained by the 
anatomic distribution of collateral 01 retrograde lymph channels 

(2) Peimeation of carcinoma through lymph channels is not the usual 
manner of spread in eaily lesions 

(3) Nodes partially involved by caicinoma may still function 

(4) Many metastases to lymph nodes are confined to the subcapsular 
space 

(5) Groups of lymph nodes involved with advanced metastatic lesions 
tend to be found in ceitain regions Retrograde metastases are found only 
when the nodes in these regions are heavily involved Metastases in nodes 
below or lateral to the mam lymph drainage ai e apt to be subcapsular lesions 
or obviously late metastases 

(6) Spiead of carcinoma thiough the capsule of a node is larely seen in 
surgical specimens, and then only m lesions having a mass of heavily involved 
nodes packed together The blood supply to the nodes is usually interfered 
with in such cases 

(7) Postmortem examination of surgical patients demonstrates the tend- 
ency of the lymph nodes to block the spiead of carcinoma even m advanced 
cases 

All of these facts lead us to the conclusion that the lymphatic spread of 
carcinoma is piimarily embolic The nodes where the emboli lodge prevent 
further spread until the node is completel}'' ovei whelmed by carcinoma Fur- 
ther embolic spread is through the collateral channels, each new node mvoh^ed 
tending to make a longer and more difficult channel for a new embolus to 
travel Spread from one node to another does not seem to be common, at 
least during the period when lesions are operable Thus the finding of a 
group of involved nodes within the field removable by sui gery does not mean 
that such a case is hopeless, although the chance of complete removal is much 
less than m those where such nodes are not found 
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METABOLIC AND BLOOD CHEMICAL CHANGES 
^ IN A SEVERE BURN 

CASE REPOKT 

Joseph Lucid o, M D 
St Louis, Mo 

UtOM Till SURGIC\L UNIT OF ^^AbIH^GTO^ UMVLIISITI SCHOOL Ol MFDICINE VT TIIL ST LOUIS CITl IIO^PIT^.L, 

ST LOUIS, MO 

Inasmucpi as few complete chemical and metabolic studies have been 
made clinically in seveie burns, the following case lepoit seems of significance 

Case Report — The patient, white, male, age 27, \\as severely burned by gasoline 
which exploded, setting fiic to his clothes A local ph3sician immediately spra3'ed the 
burned area with tannic acid He also received numerous Iwpodermics for pain as well 
as model ate amounts of whisky He was admitted to the St Louis City Hospital, 48 hours 
later, January 3, 1938, on the third da3 after the accident During his first month^s hos- 
pitalization, he had the services of three special nurses, which enabled an accurate meas- 
urement of intake and output, much of this data is presented in Chart i Further details 
of his course and treatment are described herewith Although this report represents onb 
30 da\s of his illness, the patient remained in the hospital for several months but eventually 
made a complete recovery Most of his later therapy concerned the skin grafting of the 
burned aiea 

CInucal Course — The patient was conscious and rational on entrance and remained 
so until the sixth day after the accident The blood pressure was 1 50/1 10 on the seventh 
da3^ and reached the high mark of 182/120 on the twelfth da3’’ It remained about 160/120 
until the nineteenth day wdien it suddenb dropped to 130/S0 and then sta3"ed there except 
for an occasional rise to 150/90 From the sixth to the sev^enteenth day he was more or 
less drowsy most of the time, and vomited one or more times ev^’ery second or third da3 
He became comatose on the twelfth dav A^TuscIe twitchings were observed on the eighth 
and twelfth days Cheyne- Stokes breathing was noted on the tvv^elfth day With the high 
blood pressure on this day, the clinical pictiiie was that of “pseudo-uremia’^ The patient 
became rational and alert on the seventeenth da3’’ and remained so from then on 

It was estimated that about 40 per cent of his body had been burned, i c , the entire 
circumference of both legs up to the groin, both buttocks, a small part of the lower ab- 
domen and the distal thirds of both aims Nearb all of the burn was third degree as 
shown by the granulating areas which were ev^entually revealed under the crust Indeed, 
in many places over the thighs fascia lata and muscle were involved The tanned areas 
weie gradually debrided wdienev^’er infection was evident or suspected The debrided, 
granulating areas were covered with saline packs Eventually the crust was entirely 
removed and the unhealed granulating areas were skin giafted 

General Therapy — Diet The patient was given a diet of 2,000 calories every day, 
of this, the daily protein comprised 40 Gm (63 Gm of N) the first 12 days, 80 Gm (129 
Gm of N) the next six days, and 120 Gm (19 Gm of N) the last 12 days Vitamin B 
was given in the form of Betalin tablets and brewers' yeast Ample amounts of the other 
vitamins were also administered Transfusions (500 cc whole blood) were given every 
third or fourth day (see chart at points marked T) 

Fluids — The patient received 4,000 to 6,000 cc of fluids per day up to the tenth post- 
entrance day and during the eighteent h to thirtieth days , between the tenth and eighteenth 
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days the amount was increased to 6,000 to 11,000 cc As much as possible was given by 
mouth, but It was necessary to supplement it each day with subcutaneous saline and intra- 
venous glucose Continuous venoclysis was begun on the seventh postburn day and termi- 
nated on the sixteenth day We believe that the high fluid intake and output was of great 
therapeutic value It will be noted that during the peak of fluid intake and diuresis the 
blood N P N fell significantly (tenth to eighteenth day) 

Dings — Adrenal cortex extract was used m burns by Wilson, Rowley and Grav ^ 
In experimental burns, it was used by Einhauser,- who reported a favorable effect on 
mortality In this patient, it was used largely to increase urinary output because anuna is 
common to both adrenal insufficiency and severe burns A dose of 5 cc * was given on the 
fifth and eighth days and 10 cc during the sixth and seventh days (intravenously) The 
administration was terminated because there was some doubt as to whether the drug was 
having any effect in increasing the urinary output which, indeed, was never very low 

Sulfanilamide was given b}’' mouth largely because of the extensive local infection 
about the buttocks A dose of 60 gr per day was given during the sixth to twelfth days , 
thereafter it was reduced to 30 gr per day up to the twenty-first day, when it was discon- 
tinued Morphine, codeine, and aspirin were given as needed for pain and insomnia 

Laho) atoiy Data (see also Chart i) — The chemical methods used were all standard 
except for blood diastase which was determined by the procedure described by Somogyi 
It should be noted that protein metabolism has been discussed and the data presented in 
terms of nitrogen intake and output 

Examination — The red blood count was 7,000,000 on entry (third postburn day) The 
count gradually dropped to 3,500,000 on the fourteenth postburn day and then varied from 
3,500,000 to 4,500,000 

The patient became jaundiced on his seventh postburn day and had an icteric index of 
80 At the same time the urine showed a strongly positive test for urobilin and a trace of 
bile (the latter for one day only) It is interesting to note that the red blood count 
dropped to 4,500,000 on this da}'', whereas, it was 7,000,000 three days previously The 
icterus was probably not obstructive but either of hemolytic or hepatogenous origin 

The white blood count was 40,000 on entry and reached the high total of 82,000 on the 
twelfth day After this, the count varied from 50,000 to 35, 000 until the thirtieth day when 
it dropped to 30,000 The count was 20,000 on the forty-ninth day and 14,000 on the seven- 
tieth day During the first 30 days, differential counts showed many immature cells One 
particular smear, on January 12, 193S, showed juveniles, myelocytes, and promyelocytes 
Some plasma cells were seen At no time was there a palpable spleen or a generalized 
lymphadenopathy 

The nonprotein nitrogen of the blood (in mg per cent) ranged from 43 to 48 for first 
II days, then gradually dropped to 30 by the fifteenth day At this time patient was receiv- 
ing 11,000 cc of fluids daily The protein intake was doubled at about this time and the 
fluids were gradually decreased to 4,000 cc per day , following this, the nonprotein nitrogen 
rose to 40 on the eighteenth day and stayed near this level until the twent} -fifth day, when 
It dropped to 30 Later it dropped to 19 (normal) 

Serum protein was 49 Gm per cent at entry (third postburn day) However, the 
serum protein rose above the edema level in several days and stayed between five and six 
throughout the whole month There was a reversal of the albumm-globulin ratio due to a 
progressive loss of the albumin fraction There was no tendency to develop edema at any 
time The blood diastase remained normal 

The blood cholesterol remained low for first 28 days, dropping as low as 87 mg per 
cent on the seventh day This is compatible with a high basal metabolism The high 
metabolism is consistent with the increased destruction of proteins as shown by the high 
output of nitrogen i n the urine The patient lost weight rapidly in spite of a high caloric. 

The adrenal cortical extract was generously supplied by the Upjohn Co 
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high protein (120 Gm ) diet The creatinine nitrogen (an index of the endogenous pro- 
tein metabolism) was taken once and was found to be high (23 Gm per 24 hours) The 
basal metabolic rate was not taken 



Mbanlmifla* plua 1 plu-j nona- 

Chart i — ^Chemical and metabolic data as described in the te\t Abb I I — Icteric index T = 
Transfusions of 500 cc of whole blood N P N = Nonprotein nitrogen 

— ^Albuminuria was present (four plus) the first seven days, dropped to a one 
plus on the eighth to eleventh days, but thereafter was negative The urinary nitrogen 
was high for the first 25 days This is in keeping with a high basal metabolism, with de- 
struction of tissues high in protein and with low blood cholesterol Urinary nitrogen was 
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30 Gm on the third day, dropped to 13 Gm on the eleventh day, rose to 25 Gtn on the 
fifteenth day and stayed at this figure most of the time, until the twenty-third day It then 
dropped gradually to 12 Gm by the twenty-sixth day, and later dropped to 10 Gm , which 
IS about normal for such a diet Specific gravity was at all times normal 

Urobilin was found in the uiine during the first 12 days, was faintly positive the next 
two days and then remained negative (Schlessinger test) This urobilinuria maj' have 
been hemolytic or hepatogenous m origin , it is consistent with a high icteric index such as 
was present during the first 18 days The Smith iodine test for urinary bile was faintly 
positive on the sixth day, but thereafter was negative Although anuria was anticipated it 
did not occur Fluid intake was kept high to combat anuria Adrenal cortex hormone was 
also given for this purpose 

Comment — It will be noted first of all that there was an early concentra- 
tion of red blood cells due, undoubtedly, to the large loss of plasma through 
the burned area This effect has been desciibed by Underhill,^ et al , Beard 
and Blalock,^ Mclver,® Harkins,’’’ and others Of particular interest in this 
case, IS the evidence of additional and tiemendous loss of protein as shown by 
the high nitiogen excretion in the urine This is often referred to as “toxic” 
destruction of protein, it has long been observed in typhoid fever and othei 
severe infections and is mentioned by Einhauser- as occurimg m burns It 
also occurs in severe hyperthyi oidism , the chemical findings in the present 
case, particularly the low blood cholesterol, suggested hyperthyroidism even 
though no basal metabolic rate was obtained The nitrogen excretion was so 
high that it was impossible to bring the patient in nitrogen-balance even though 
a high caloric, high protein diet was ingested During the first nine days, the 
negative nitrogen-balance added up to 120 Gm , during the next nine days, it 
fell to 80 Gm owing to an increase m the protein intake, during the next nine 
days, it fell further to 20 Gm with a further increase in the protein intake 
Although this certainly suggests the importance of a high protein diet, the bet- 
ter balance in the last periods may also have been due to an improvement in 
the clinical condition of the patient The total nitrogen deficit was, of course, 
much greater than the figures indicate because fecal nitrogen and loss of nitro- 
gen through the burned aieas were not included In this patient, the feces 
were not collected but were probably not significantly large , the loss of plasma 
protein through the burned area on the other hand, though difficult to measure 
directly, was undoubtedly large Although toxic destruction of protein is us- 
ually attributed to fever per se there was only moderate hyperpyiexia 111 this 
patient 

A second observation of interest, was the high nonprotein nitrogen of the 
blood, this, wnth hypertension and other clinical evidence of uremia, wdnle 
they point to a derangement of the kidney, could scarcely be attributed to renal 
insufficiency in view of the large output of normal mine Indeed, during the 
most acute days of “pseudo-uremia” the high point of urine output (8,000 cc ) 
was reached Could the uremic signs have been due to hepatic insufficiency 
Were they manifestations of the “toxic” destruction of protein^ 

A third point of interest was the jaundice and uiobilmuria during the first 
days of illness Although this may have been a manifestation of hemolysis 
(fall of red blood count) the existence of hepatic insufficiency cannot be ex- 
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eluded Certainly, there was no hemoglobinuria, and, although the stools were 
not studied, no alteration in their pigment content was observed grossly 
While sulfanilamide was given the maximum dose was small (4 Gm per 
day) , such manifestations have nevertheless been described as occurring after 
the ingestion of this drug In this case, however, the jaundice appeared almost 
simultaneously with the first dose of the drug and disappeared while it was 
still being given (see Chart i ) 


CONCLUSIONS 

Metabolic and chemical data are presented in the case of a severe burn, 
which indicate, among other findings First, a tremendous destruction of pro- 
tein, as shown by the high urinary output of nitrogen , second, uremic mani- 
festations without evidence of renal insufficiency, and third, a bile pigment 
disturbance, presumably hepatogenous or hemolytic in origin The impor- 
tance of a high protein intake in the treatment of burns is emphasized, not only 
to replace loss of plasma protein pci sc, but also to covei the tremendous loss of 
nitrogen in the mine 
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REPORT OF TWO SEVERE REACTIONS DURING THE INJECTION TREATMENT 

OF VARICOSE VEINS 

Leonard Dobson, M D 
San Francisco, Calif 

PROM THE \ARrCOSE ^ EIN CLINIC, DEPARTMENT OF SURGERY, STANFORD UM\ ERSITT MEDIC \L SCHOOL, 

SAN FR\NCISCO, CALIF 

The safety and effectiveness of the injection treatment of varicose 
veins has been definitely established dm mg the past 12 years A numbei 
of sclerosing solutions have been found to be fairly satisfactory but the 
search for an ideal one continues Such an ideal solution should be one 
in which the constituents aie pure and may be standaidized It should be 
painless, nontoxic, pioducmg a piompt and firm thrombus, and not pio- 
ducing a slough when injected outside the vein 

The first note on the preparation of sodium morrhuate was by Rogers,^ 
in 1919 In 1926, Cutting- gave the physical properties of the solution 
and described the technic of its preparation in more detail Rogers^ stated, 
m 1930, that, in 1918, he had noted the scleiosing action of sodium morrhuate 
upon veins But Kittel,^ m 1930, stated he had noted the effect of sodium 
morrhuate upon veins and had fiist suggested its possibilities as a scleiosing 
agent in the treatment of vai icose veins 

From 1930 to 1933, numeious articles appeared extolling the effective- 
ness and safety of sodium moirhuate m the tieatment of varicose veins 
Levi,^ in 1930, stated that m 4,000 injections he had observed no general 
toxic symptoms In 1932, Kilbourne, Dodson and Zeiler® concluded that 
sodium morrhuate was not a toxic solution Also m 1932, Tunick and 
Naclff stated that In then expeiience sodium moirhuate was the closest 
approach to the ideal solution, and that they had observed no systemic or 
toxic symptoms fiom its use F L Smith,^ m 1932, stated that sodium 
morrhuate was first used in this country at the Mayo Clinic in October, 1930 
In an experience of 4,000 injections he had found that the solution pio- 
duced no general systemic reactions and that it had become his solution 
of choice 

In 1933, Cooper® stated that in 4,000 injections in 600 patients he had 
found sodium morrhuate to be nontoxic and that it met all the requirements 
for a safe and effective scleiosing agent Also in 1933, Ochsner’^® con- 
cluded that sodium monhuate was not toxic and was the most efficient 
sclerosing agent 

In 1933, two reports appeared which w^ere at variance with the generally 
leported opinion legardmg sodium moirhuate Haines^^ found there was 
a great variation 111 the composition and purity of various commercial samples 

Submitted for publication February 15, 1939 
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of sodium monlniate Then, in November, 1933, Biegeleisen^- reported his 
experiences with vaiioiis sclerosing solutions He concluded that sodium 
moiihuate was an unknowui, 1 datively unstable mixtuie of sodium salts 
of unsaluiated acids found in cod livei oil and that its potency diminished 
w'lth age and w^as not uniform 

In I 934 j Zimmeiman^^ repoited the first serious allergic-like reaction to 
sodium moirhuate, listing foui cases In 1935, Pi aver and Becker^'^ reported 
cutaneous eiuptions or nitritoid crises in seven out of 176 patients wdio had 
leceived 7S3 injections Lewis,^'’ m 1936, leported a severe systemic reaction 
following the injection of sodium moiihuate Pie stated his colleagues had 
had three similar cases All foui cases had had injections of sodium 
morihuate at a pievious interval of one yeai or more In February, 1937, 
Dale^“ repoited a severe reaction wuth vascular collapse His case reacted 
diffeiently fiom previously desciibed reactions in that there w^as no cessation 
in treatment pnoi to the reaction 

In August, 1937, Hatchei and Long^” reported a reaction to sodium 
morihuate m which theie was not only a severe general reaction but also a 
tiansient paialysis of one aim Tiaub and Sw'arts in September, 1937, 
leported tw^o cases, in detail, of anaphylactic reactions to sodium morrhuate 
They mentioned they had had a third case and that Dr A Wilbui Duryee 
had seen tin ee similar cases In each of these cases there w^as a “rest period” 
of fiom four months to three yeais between courses of injections In Novem- 
ber, 1937, McCastor and McCastor^'’ leported two reactions, one occurring 
in a varicose vein injection and one from injection of sodium morrhuate 
into an hydrocele Simmons,'*’ in March, 1938, reported tw^o geneial reac- 
tions from the use of sodium morihuate in internal hemorrhoids The 
reactions occuired on the second injection after an interval of one w’^eek 

Discussion — The mechanism of the reactions is still obscure It w^as 
suggested by Zimmerman^^ that the leactions may result from liver proteins 
m the sodium moiihuate or from the saponified fatty acids themselves 
Pravei and Becker^*’ analyzed the protein content of sodium morihuate 
samples and concluded that “the protein content is not sufficient in itself 
to produce sensitization but the sodium moiihuate may act as a haptene and 
sensitize susceptible individuals ” Howevei , Lewis^*' concluded that the reac- 
tions were due to some piotein liver ladical in the sodium morrhuate 
solution to which certain individuals become sensitized and in wdiom later 
injections with the same solution caused foieign protein reactions Dale^® 
felt that the leactions were not anaphylactic, due to some livei protein as 
suggested by Lewis, but lather a specific reaction due to an idiosyncrasy to 
the sodium morrhuate 

Simmons-*’ stated that another theoiy which has been offered is that 
hemolysis may occur, the contact of the patient’s blood with the solution 
resulting in the hbeiation of piotein substances which are responsible 
for the reaction 

A study of the reported cases shows that most of the very severe gen- 
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eralized leactions occiured on the first oi second injection following a “rest 
period” of fiom seveial months to thiee yeais after the first course of 
injections Also many of the cases had slight reactions m eailier injections, 
which weie only noted when viewed in retrospect and the severe reaction 
could have been prei'ented by avoiding fmthei injections of sodium morrhuate 
The lepoited leactions occiured fiom the prepaiations of vaiious phaima- 
ceutic houses, so it seems reasonable to rule out any impuiity oi contamina- 
tion aiismg fiom the manufactuie of the solutions 

In the Varicose Vein Clinic of the Stanfoid University Medical School, 
moie than 4,000 injections of sodium moirhuate have been given and two 
severe leactions have been noted Except for these leactions, we have 
found sodium moiihuate to be a safe and effective solution foi the treat- 
ment of varicose veins Theie have been but four sloughs from the use 
of the solution, and no pulmonary complications 

Folloiving are the case leports of two severe leactions following the 
injection of 5 per cent sodium morihuate in the tieatment of varicose veins 

Case I — C E, male, age 63, was first seen, June 3, 1933, for a varicose ulcer of 
the left leg and severe varicosities of both legs A high ligation of both saphenous veins 
was performed, and this was followed by several injections of 20 per cent sodium chloride 
He returned to the Clinic, June ii, 1934, ii months later, with a varicose ulcer of the 
right calf He received seven injections of 2 cc of 5 per cent sodium morrhuate at 
intervals of from one to two weeks Before the treatments were completed he again dis- 
appeared for II months He returned in September, 1935, with a small ulcer on the right 
leg He received two injections of 2 cc of sodium morrhuate each on two occasions, and 
then failed to report to the Clinic for eight months On July 2, 1936, he returned for 
a continuation of his treatment and was given 2 cc of sodium morrhuate with no reaction 
One week later he was again given two injections of 2 cc of sodium morrhuate 

Immediately after the second injection the patient broke out in a cold sweat He felt 
ill and stated he had pain m the pit of his stomach A short time later he began having 
tingling and burning of the palms of his hands An urticarial rash appeared on the volar 
surface of his forearms Blood pressure 160/ 100 Pulse 100 Gradually, within 15 
minutes, the symptoms subsided Epinephrine was not administered because by the time 
the rash appeared he was beginning to feel better The patient was able to go home after 
resting an hour 

He was seen one week later The ulcer had healed There were no general symptoms 
Two weeks after the reaction, he returned and was seen by another physician who did 
not read the patient’s history carefully and thought that the reaction described referred 
to a local reaction which had subsided, so he injected 2 cc of sodium morrhuate Five 
minutes following the injection the patient coughed, wheezed and drooled at the mouth 
His pulse became very weak and extremely rapid He rapidly became cyanotic and then 
lost consciousness The blood pressure fell to 50/40 His face and tongue became swollen 
The respirations were extremely stertorous and then spontaneous breathing ceased for 
several minutes The air passages were opened by pulling the tongue forward with a 
clamp and artificial respiration was started Oxygen was administered through a nasal 
catheter and he was given i cc of i 1,000 epinephrine and 7^2 gr of caffeine sodium 
benzoate hypodermically After five minutes, spontaneous respiration was resumed 
and It was possible to stop the artificial respiration Within 20 minutes the color had 
improved, his blood pressure had risen to 80/60 and pulse slowed to 100 He was given 
an additional 0 5 cc of epinephrine His condition continued to improve and he regained 
consciousness in about a half hour Fifteen minutes after the onset of the reaction, he 

647 



LEONARD DOBSON 


Annals of Surgery 
April 1940 


began to cough up pink-tinged frothy fluid and this continued in decreasing amounts for 
one iiour After two hours of rest in the Clinic it was possible to move him into the 
hospital where he was kept for two da}S 

On admission to the w^ard his temperature was 38® C, pulse 120, blood pressure 
720/60 Within a short time, the blood pressure dropped to 80/40 and he again became 
c^anotlc He w^as given ephedrine gr and the yYz gr of caffeine sodium benzoate 
w^as repeated One hour later, the pressure was up to 110/80 and his general condition 
was improving K B C 4,790,000, 90 per cent hemoglobin , W B C 17,000, 82 per cent 
pol> morphonuclcars, 17 per cent lymphoc}tes, i per cent monocytes Blood Wassermann 
negatnc Urine examination negative 

He showxd no further signs of shock and w^as dismissed on the second day Examina- 
tions in the Clinic later failed to show any residual signs or symptoms from the reaction 

Case 2 — H M , male, age 73, w^as first seen in the Varicose Vein Clinic, November 
23, 1931 He had had severe varicose veins for many years He had had stripping oper- 
ations of both legs in 1903, and again in 1913 On admission he showed marked vari- 
cosities of both legs During January and Februar3% 1932, he had high ligation of both 
saphenous \cins wuth injection of the distal ends with 20 per cent sodium chloride He 
rcccncd two injections of 2 cc eacli of sodium morrhuate on three occasions He returned 
to the Clinic 18 months later wuth a recurrence of some of the varicosities He w^as 
treated wuth a series of injections of 20 pci cent sodium chloride Nine months later, he 
w^as treated wuth sodium morrhuate, making 13 visits at weekly intervals and receiving 
one to two injections of 2 cc each on each visit He had no reactions from the injec 
lions Then he w^as not seen again m the Clinic for three jeirs He returned, October 
II, 1937, with bilateral recurrences He was injected wuth 0 5 cc of sodium morrhuate 
and there w^as no reaction On October 15, 1937, he was injected wnth 2 cc of sodium 
morrhuate Some generalized itching of the skin w^as noted but he did not mention it 
before the next injection On October 21, he received another injection of 2 cc Again, 
there was pruritis lasting about three hours Again, he did not mention the itching 
before the next injection On October 28, he again had the itching, this time with the 
development of wheals lasting about three hours On November 4, he again made no 
mention of any of the previous reactions, later stating that he did not think the itching 
amounted to anvthing He was given two injections of 2 cc each of 5 per cent sodium 
morrhuate He had no immediate reaction While leaving the Clinic, about ten minutes 
after receiving the injections, he felt chilly and began to itch all over He thought he 
would try to “walk it off” but the s\mptoms continued to increase in sevent3'’ Within 15 
minutes, he felt as though his face w^ere swelling, especially the upper lip The upper lip 
was puffed up and felt stiff, his tongue became sw^ollen and a half hour after leaving the 
Clinic he fainted on the street and believes he was unconscious for several minutes He 
was taken into a house, his clothing loosened and he gradually improved so that he was 
able to continue on to his home after another half hour For the following four days 
he stated that he had no appetite Twenty per cent sodium chloride was used tor sub- 
sequent injections and a good thrombosis was obtained 

CONCLUSIONS 

Two additional cases are reported of severe anaphylactoid reactions fol- 
lowing the injection of 5 pei cent sodium morrhuate 

The two reactions reported here are the only serious complications we 
have noted in more than 4,000 injections of 5 pei cent sodium morrhuate 
Most of the lecorded severe reactions have occurred on the first 01 
second injection following a 'Test period^^ of from seveial months to 
three yeais aftei a course of injections of sodium morrhuate * 
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Theie are usually signs and symptoms of inci easing sensitivity with suc- 
ceeding injections, and severe leactions may be pi evented by stopping the 
use of the solution The patient should be caiefully questioned before each 
injection regarding any reaction to pievious injections 

Small doses of not iiioie than o 5 cc should be used for seveial injec- 
tions on beginning the second and subsequent couises of injections when 
using sodium moiihuate 

The cause of these laie leactions is still obscure 
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MASSIVE DOSES OF LUGOL’S SOLUTION IN ACUTE, 
SECONDARY PAROTITIS 

Daniel J Leithauser, M D , 

AND 

Meyer 0 Cantor, MD 
Detroit, Mich 

In 1929, one of the authors (D J L ) began the treatment of acute, sec- 
ondary parotitis with massive doses of Lugol’s solution In this rare 
disease, which has a mortality late of 30 pei cent, this treatment has proved 
most giatifymg We^ reported the results of our first ten cases m May, 
1935 There weie no deaths m this series With the cooperation of other 
members of the profession, we have, since then, accumulated 13 other cases, 
which form the subject of the piesent communication 

In this aiticle, we shall, mtentionallj^ omit any reference to diagnosis 
and etiology- ^ of acute, secondary parotitis The first is self-evident, and 
the latter, a controversial subject \\ell discussed elsewhere We shall direct 
our attention chiefly to the treatment of this disease with massive doses of 
Lugol’s solution, stressing our results as compaied with othei forms of 
treatment 

Symptomatic treatment of acute secondary parotitis over a peiiod of 50 
years has had little effect on the mortality rate The first advancement 
was made by Rankin and Palmer,^ who, in 1930, mtioduced the “Radium 
Pack Treatment ” This treatment could be effectively applied, and properly 
controlled only by a competent radiologist, and available only to those of 
means Thus the radiologist soon turned to 1 oentgenotherapy as a substitute 
In this field, Robinson and Spencer^ were pioneers Roentgenotherapy 
appears to be as effective as radium, and to-day is extensively employed in 
the treatment of this disease Its administration has reduced the mortalitv 
rate to about 20 per cent 

The treatment of parotitis by dilating Stenson’s duct, predicated upon 
the underlying pathology being a duct obstruction, requires some elucidation 
Hobbs and Sneierson® have written several comprehensive articles on 
the subject, and presented sialogiams as evidence of their contention In one 
of their more lecent articles, they advocate dilatation of the duct only in cases 
of ascending infections and state that dilatation is never indicated in hema- 
togenous infections In oui cases, we were unable to make such a differ- 
ential diagnosis We believe that dilating Stenson’s duct m any case of 
acute, fulminating parotitis requires the utmost caution In cases of frank 
obstruction, which as a rule are uninfected, dilatation is the treatmen t, here. 

Submitted for publication March i, 1939 
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neither loentgenotheiapy noi Lugol’s solution is of value They leport a 
moitality late of 20 pei cent 

The therapeutics of Lugol’s 111 pai otitis is not well undei stood It may 
be due to the parotid sensitivit} to iodine,^ and the metabolic changes that 
occui in the gland during its elimination , 01 by the direct action of the 
high concenti ation of the iodine ion on the bacteiia The glands are 
indeed very prompt and active m the elimination of iodine As the iodine 
is eliminated b}'- the paiotids, it is promptly leabsorbed by the intestinal 
tract, completing cycle after cycle thiough the glands, until final elimination 
by the kidneys, vhich requiies from 40 hours to several days We are 
inclined to believe that the beneficial effect must he in this constant concen- 
ti ated flow of iodine through the parotids, be it antiseptic or metabolic m 
charactei 

In parotitis, Lugol’s solution is administered orally, by vein and hypo- 
dermoclysis Our aveiage daily dose is 160 minims, 20 minims every three 
hours day and night In fulminating cases, an additional one or two drachms 
of Lugol’s solution is given intravenously or subcutaneously, m saline or glu- 
cose, one drachm to the 1,000 cc We continue this daily dosage until the 
inflamed gland shows definite signs of improvement, then the dose may be 
gradually decreased, and discontinued when the active process has subsided 
We never incise the gland if an abscess forms, but aspiiate tbe pus daily 
through a large caliber needle These abscesses, when they occur, are usually 
multiple and discrete, due to pressuie necrosis, thus adequate drainage is 
seldom accomplished by incision Incision invites mixed infection which 
adds to the seriousness of the disease 

ILLUSTRATIVE CASE REPORTS 

Case 3 — Miss M M , age 13, on November 3, 1935, had a ruptured appendix with 
general peritonitis She recovered from the acute process in 12 da)'’s On November 27, 
pain again developed in the abdomen The appendix was then removed There were 
many long "guy-rope” adhesions, and a straw-colored serum in the general peritoneal 
cavity as evidence of recent general peritonitis On November 29, a right parotitis 
developed which became quite severe the following day, temperature 103° F, pulse 120 
Lugol’s solution, minims 20, was given every three hours, and minims 60 in 1,000 cc 
of saline daily by hypodermoclysis By December r, there were definite signs of improve- 
ment and the Lugol’s solution was gradually diminished The swelling and other signs 
completely disappeared by December 5 She was discharged the following day A 
Staphylococcus auteus was cultured from Stenson’s duct Six hundred ten minims was 
the total amount of Lugol’s administered 

Case 4 ■ — Mrs R C , age 47, suffered with two large cystic ovaries Her abdomen 
was the size of a full term pregnancy On October 8, 1938, a bilateral oophorectomy 
was performed , each specimen was about 20 cm in diameter There were broad vascular 
bands of adhesions firmly attaching the ovaries to the surrounding structures The left 
ovary was so firmly adherent m the pelvis that the fibrous capsule was left in situ 
Surgery in this case was very extensive On October 10, a double parotitis developed 
with a temperature of 105° F , pulse 136, marked c\anosis and shock She was not expected 
to recover Lugol’s solution, minims 20, was given every three hours orally, m addition 
minims 60 in 1,000 cc glucose intravenously and minims 60 m saline interstitially, daily 
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Lugol’s solution was discontinued In Case 7, rupture of the abscess may 
have been avoided by earlier aspirations Spinal anesthesia was given in 
every operative case except Case 8, which had ether Nausea from the 
Lugol’s was overcome by decreasing the oral and increasing the parenteral 
administration The water balance was carefully maintained in all cases 
There were no deaths in either series except Case ii, which developed bron- 
chopneumonia after recoveiy from the parotitis and died four days later 
This case responded well in spite of a concomitant diabetes Case 4 was 
not expected to recoAer, there was marked cyanosis, severe shock, tempera- 
ture 105° F, pulse 136, at the onset Within three days, on massive doses 
of Lugol’s and oxygen, the improvement was striking (Table I) 

SUMMARY AND CONCLUSION 

(1) Thirteen cases of acute secondary parotitis, treated with massive 
doses of Lugol’s solution, are herewith repoited, making a total of 23 cases 
ti eated by us to date 

(2) There weie no deaths One case which had recovered from the 
pai otitis, developed bronchopneumonia, and died four days later 

(3) In most cases, pus was easily expressible from Stinson’s duct, and 
the organism was recoveied m every case that was cultured 

(4) The most effective method of ti eating secondary parotitis is with 
massive doses of Lugol’s solution 

We wish to express our appreciation to Drs James Blain, Louis Stern, Lionel Braun 
and Adolph Spiro for permitting us to observe their cases , their excellent cooperation 
has made this publication possible 
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BRIEF COMMUNICATIONS 
AND CASE REPORTS 


RECONSTRUCTION OF A HAND AND FOUR FINGERS BY 
TRANSPLANTATION OF THE MIDDLE PART OF 
THE FOOT AND FOUR TOES 

Johannes F S Esser, MD 
IMonaco 
AND 

Pal Ranschburg, M D 

Budapest, Hungary 

In 1917, the author^ published the preliminary repoit of this case and the 
immediate result The patient was subsequently lost sight of until Ranschburg 
lecoided the ultimate result in a neurologic review 

Case Report — M J , a Hungarian soldier, had had his right hand mutilated by a 
hand grenade m 1917, so that only the thumb, which was rigid and deeply scarred, and 
the root of the hand with a very small portion of the metacarpus remained 

Opoatwe Pioccdme — All scar tissue was excised from 
the injured hand The remaining metacarpus were exposed 
and the extensor tendons liberated A curved incision was 
then made over the dorsum of the right foot which penetrated 
to the sheaths of the tendons which were sectioned one inch 
proximal to the line of incision (Fig i) The tissues were 
then raised close to the base of the metatarsus The metatar- 
sus were resected one inch distal to the line of the skm in- 
cision The sections were not made in the same plane, not 
only to protect the deep sutures, but more particularly to 
establish a maximum of contact between the tissues of the 
hand and those of the foot without the lines of contact be- 
tween nonsimilar tissues being contiguous 

Holding the four toes and the sectioned metatarsus thus 
mobilized, m the left hand, they were extended plantarwards 
as far as possible, so that distal segments of the metatarsus 
and those from the remainder of the foot could be raised and 
freed some inches from the tissues of the sole of the foot 
The portion to be transplanted, which was only pedicled on 
the side of the sole of the foot, was quiet mobile The hand 
was now placed m contact with the foot First, the perios- 
teum of the metatarsus was sutured to that of the metacarpus 
With catgut This was difficult to accomplish and, at certain 
points, the periosteum could be coapted only with the support 
of the fascia 

The extensor tendons were sutured together with fine 
silk and a few sutures of fine catgut were employed to unite the sheaths of the tendons 
with the adjacent tissues The fascia was sutured with catgut, and bronze-aluminum 
sutures were placed m the skin 

Submitted for publication July 18, 1938 
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It was considered a most important procedure to coapt the ends of corresponding 
vessels by suturing adjacent tissues about their juncture, in the hope of nredisposing to, 
and facilitating, the formation of collaterals 

A plaster encasement, immobih/ing the hand, arm, foot and leg, was applied, leaving 
the toes exposed The patient was placed in bed and was well supported on every side 
Subsequent Course —Dmng the first postoperative night, the patient fell out of bed 



Fig 2 — Photograph (20 years postoperative) showing the iiltininte result Mewed from 

the dors'll '\spect 


and tore out several of the skin sutures , the condition of the deep sutures could not be 
determined Notwithstanding this accident, the wound healed quickly and well, par- 
tially by granulation 

Four weeks after operation, half the pedicle was cut off close to the fourth and nitn 
metatarsus, and in the wound thus formed, the tendons of the portion to be transplanted 
were sutured together separately, the sheath of the tendons and of the tissues to those 
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of the volar wound of the hand (fourth and fifth fingers) Several skin sutures of siher 
were introduced 

Five days later, one month after the primary operation, the remainder of the pedicle 
was severed, and the tendons of the second and third fingers were sutured to those of 
the corresponding toes The skin wound was closed The secondary wound in the foot 
was treated in the following manner In order to obtain a good sole for the remainder 
of the foot, a section of the tissues of the sole was made as fai distal as possible, so 
that the flap of the sole not only covered the entire plantar surface, but could also be 
sutured over the dorsum of the foot This procedure, undoubtedly, endangered the 
viability of the newly transplanted hand, as there remained only a small portion of skin 
for the hand with which to make an adequate covering for the muscles, nerves and vessels 

The cicatrization had penetrated very deeply, but precautions had been taken that 
the point of junction of the tendons should not he directly underneath, nor in contact with, 
the area of cicatrization in the skin, m order to prevent subsequent immobilization of the 
tendons 

Final Result — The hand was perfectly capable of holding different objects Figure 
2 shows the general appearance of the transplanted toes 20 years after operation The 
remaining big toe of the resected foot was in good condition, and the function of walking 
was in no way impeded The foot had retained its four points of support , only the point 
at the head of the fifth metatarsal had been leplaced by one closer to the heel 


PEA.CTICAL EFFECTS OF THE OPERATION AND THEIR NEUROLOGIC 

EXPLANATION 

The Question of Spontaneous Union of Dislocated Nerves 

Professor Ranschburg 

The above reported case, which might well be captioned “The Man with 
the Foot-Hand,” had had the stump of his right hand, with only the thumb 
left, repaired by means of a transplant of four toes and their corresponding 
metatarsus from his right foot This is certainly Doctor Esser’s masterpiece 
of plastic 01 structive surgeiy I have had the opportunity of examining the 
patient several times since the opeiation, at the Neurologic Depaitment of the 
Hospital of Budapest 

The intention of the surgeon was to cieate a new hand by quite an original 
proceduie, completing the misshapen and useless stump by a piactical, usable 
instrument which was not only esthetically excellent, but which would also act 
as a practical motor 

Neither before, nor for weeks after the operation was there any real vol- 
untary motor-like activity of the “toe-fingers ” Nevertheless, by the help of 
the thumb, through adduction, flexion and apposition to the toes, his hand has 
become quite a useful instrument for giasping, holding and drawing, only the 
mechanism lacked any information of a sensitive nature, i e , touch, pain, tem- 
perature, localization on the skin and orientation of the movements and posi- 
tion, if not assisted by the help of vision or the sound left hand 

The patient was dischaiged from the hospital and ordered to return to the 
Follow-Up Clinic once a year for examination Meanwhile, Doctor Esser 
having left Budapest a few months after the operation, I had the opportunity 
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of lepeatedly examining this most interesting case He was very proud of 
his ability to use his light hand m disiobmg and especially m lacing his shoes 
and uni oiling his foot wiappmgs He i elated and demonstrated how he had 
helped at the haivesl m the usual way and geneially perfoimed most home and 
field labois with his “foot-hand” without any difficulty 

A most piecise examination showed this eupraxia as being conditioned 
paitly by motor-like, partly by sensitive support From the motor-like side, 
theie was to be found, besides the perfect use of the thumb in leaning and piess- 
ing it tightly against the “toe-fingeis,” an undoubtedly effective, although puiely 
mechanical flexion of the “toe-fingers ” This had been i endered possible by 
the help of the sutiiie of the tendons, without the help of the shoit lumbricales 
and inteiossei, all of which were, of course, lacking, and also by active adduc- 
tion of the “toe-fingei s,” the second on to the third, and the fourth on to the 
fifth, effective even against resistance, by means of the long extensors of the 
fingers Thus, the acquired mobility could not be judged as an effect of a suc- 
cessful sutuie of the nerves, because the nerves of the long muscles had not 
been injured, but as a purely mechanical consequence of the perfectly successful 
orthopedrc-sui gical intervention 

Of course, this success would have been incomparably less, if the spon- 
taneous juncture of the smashed, degenerated cential stumps of the sensitive 
nerves of both sides of the hand, to the peripheral stumps of the foot, had 
not been so meticulously accomplished The complete regeneration was due 
to the peifect circulation in the tiansplant 

The epicntical sensitiveness of touch, examined by stroking with a fine 
paint brush, was present on almost the whole volar and dorsal surfaces of the 
transplanted “foot-hand ” Even a certain primitive localization of touch, 
generally found in the first stage of the recovery after nerve suture, was 
piesent, j e , each stimulation of the plantovolai skin of one of the toes was 
conectly signalized, also topically, whereas, dorsal touching of any toe had 
the coarser effect of being localized more proximally upon the surface of the 
skin of the corresponding “metatarso-metacarpal” region 

The sensibility to pain was obvious everywheie, and pin-pricks were lo- 
calized about as coi rectly, oi with the same ei rors, as those of the touch with 
the pencil, i e , they weie, m the mam, coirect Two simultaneous touches, 
as well as pm-pricks, were judged coi rectly as often as falsely, i c , 50 per cent 
of them, wheieas, the touching of the noimal sole of the left foot resulted 
in 75 per cent coirect judgments from a distance of 4 5 Mm of the point of 
the esthesiometer Dorsally, the space amounted to 6 to 7 Mm stereognosis 
on, beneath, and between the “toe-fingers,” and examined by ring, knife, brush, 
etc , was stated as zero , whereas, with the toes of the unoperated left foot, 
it was satis fyingly correct and prompt 

The most striking phenomenon lesulted from the examination of the 
sensibility to temperature Stimulations by means of test-glasses filled with 
hot water 01 with pieces of ice gave correct reactions in 80 per cent of the 
tests, within three to five seconds Even when repeatedly examined, the 
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unoperated left foot amounted to foui to five times as many false reactions 
as the aitificial “foot-hand” The explanation of this sti iking lesult may be 
found m the patient’s habit of having wrappings aiouiid his feet, thus his 
left foot had been protected since childhood against all changes of tempciatuic, 
whereas, the light “foot-hand” had been continuously exjioscd to such weathci 
influences since the opeiation Moreover, having been employed as a leal 
hand in the judging of tempeiature, the “foot-hand” was iiecessaiily put, 
since the restoration of the nerve conductions, into continual practice 

In a word, the “foot-hand” fulfilled all the ordinary functions of a noimal 
hand, while walking on the remaining pait of the right foot was in no way 
impeded 

REFERENCE 
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SUTURE OF STAB WOUND OF INFERIOR VENA CAVA 

John B Hartzell, MD 
Detroit, Mien 

FROM THE DEPARTMENT OF SURGERY, WAYNE UNIVERSITY, AND THF SURGICAI Sf R\ ICf Of TUf UfrfIVIVG 

hospital DETPOIT, MICH 

The indications for operation upon the inferior vena cava are rare 
Barnes^ reports a severe traumatic laceration which necessitated ligation, 
with recover}"- In Sheppe’s^*’ case, exploration of a gunshot wound of the 
abdomen revealed a bullet embedded in the anterior wall of the inferior vena 
cava above the bifurcation Just as removal was to be attempted, it dis- 
appeared The perforation was successfully closed by suture T'hc patient 
died five days later of peritonitis, and the bullet was found in the right ven- 
tncle WurzeV^ reports a gunshot \\ound of the inferior vena cava closed 
by suture, with recover}' Condict' reports a case of scissors-perforalion of 
the infenor vena cava, also closed by suture vith recovery The most com- 
mon injury to the inferior \ena caea is a tear or laceration occurring during 
the course of a right nephrectom} klany such ca=es have been reported in 
the literature ® Cole" reports a laceration occurring during the 

removal of an adherent retroperitoneal tumor, vhich was sutured with rf- 
cover}' Pfaff'^ reports a similar case in which ligation was performerl Jf 
the tear in the vena cava is below the level of the renal vein=, it may hf 
ligated with comparative safet} Ligation ha= also been performed for pelvie 
sepsis and thrombophlebitis Waleficld and Maeo^^ report 19 ‘•uch ea-c‘ 
collected from the literature, witn four deaths Walters and Prie^tlv^' re- 
\'iew' the surgery of the inferior vena eaxa, and report four ca'^c- of their 
own. in which the mfenor -^ena ca-^a was opened m the course of a right 
nephrectomy. In two of them ca^es, it was opened accidentally, and in two 
others it was opened intent^ona U} in order to remove a papillary neopfa^-''' 

Sjb^ittcd for pablicat^on 5 
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extension of a hypei nephroma protruding from the renal vein In our case the 
laceration of the inferior vena cava was the result of a stab wound 

Case Report— The patient, Negro, male, age 41, was admitted to the Receiving 
Hospital, with lacerations of the chin and aims, and a stab wound m the right anterior 
axillary line m the eighth intercostal space He thought these wounds had been in- 
flicted with a pocket knife Examination showed a moderately well nourished and well 
developed man The abdomen was rigid The direction of the wound m the right side 



Fig I — The laceration of the anterior surface of the inferior vena ca\a is 
shown in the depth of the wound The kidne> has been remo\ed, and the renal arterj 
vein, ureter and an accessory ureter have been ligated 

appeared to be downward, and as there was a strong possibility that it had penetrated 
into the abdominal cavity, it was decided to perform an exploratory celiotomy 

Operation — A right subcostal incision was made, and it was seen that the knife 
had grazed the anterior lateral border of the liver, and passing laterally and posteriorly 
to the duodenum and hepatic flexure of the colon, had penetrated the posterior parietal 
peritoneum overlying the upper pole of the right kidney There was an enormous 
retroperitoneal hematoma The rent in the peritoneum was enlarged, and the upper 
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pole of the right kidney presented There was a large jagged hole in the kidney which 
was bleeding profusely There was also blood coming from about the kidney Two or 
three sutures were placed m the kidney in an ineffectual effort to stop the bleeding 
As exposure was unsatisfactory, the hole m the posterior peritoneum was closed, and 
the subcostal incision closed The patient was then placed on his left side, a transfusion 
was started, and a right kidney incision was made A large pool of dark blood was 
immediately encountered, the kidney being in the center of it The pedicle was clamped 
and severed, and several large laparotomy pads were inserted into the depth of the 
wound in an effort to control the bleeding, and the ureter and vessels \vere then ligated 
separately An accessory ureter was likewise ligated By this time the pads w'ere 
saturated with blood As they were carefully removed, there was a gush of blood from 
the depth of the wound This area was compressed between the thumb and forefinger, 
and as a better exposure was obtained, we discovered the bleeding was coming from a 
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Fig 2 — The patient four months after operation The arrow points to the scar of the stab \\oimd 
Fig 3 — Gross specimen of the inferior \ena ca\a The \em has been incised postenorl> so that 
the anterior nail of the interior surface is visible The wire probe is seen protruding^ through the 
stump of the left renal vein while the other end is inserted into the stump of the ligated right renal 
\ein The arrows point to either end of the scar on the anterior surface of the vena cava There 
IS firm healing of the laceration without apparent weakening of the wall of the vena cava There is 
a httle puckering noticeable about the scar and the silk sutures are visible beneath the intima 

laceration about three-quarters of an inch in length on the anterior wall of the inferior 
vena cava This was rapidly closed with five interrupted sutures of fine silk (Fig i) 
Some fat was placed over it and the wound closed The lacerations of the face and 
arms were sutured, and the patient was returned to the ward in fair condition 

Subsequent Coutse — His convalescence, except for a moderate wound infection 
with some separation which required resuture, was uneventful At no time was there 
evidence of obstruction of the vena cava He left the hospital on the twenty-sixth day 
(Fig 2) 

Four months after the operation, he presented himself for treatment for a chronic 
pulmonary condition which antedated his accident There was no evidence of obstruc- 
tion of the vena cava 

The patient was readmitted to the hospital several months after this stab wound 
had been sutured, suffering from actmomjcosis of the right lung He died six months 
later At autopsy, the gross specimen of the inferior vena cava, which contained the 
site of the sutured stab wound, was removed (Fig 3) 
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HARVEY (WILLIAMS'*-) CUSHING 
1869-1989 

FELLOW, AMERICAN SURGICAL ASSOCIATION, 1906-1939 
PRESIDENT, AMERICAN SURGICAL ASSOCIATION, 1926 

''To study the phenomena of disease zvithout hooks is to sail an iinehaitcd 
sea, while to study books zvithout patients is not to go to sea at all 

Wilbani Oslei 

The death of Harvey Cushing fiom coronary occlusion at New Haven, 
Connecticut, Octobei y, 1939, is of special significance to the Fellows of the 
American Suigical Association Among the membeis of this gioup he counted 
his chief friends and from the time he became a Fellow until his death, he was 
a regular attendant at the Association’s meetings as well as a frequent con- 
tributor of scientific ai tides He liked the mfoimal contacts which form such 
a valuable pait of the meetings of the Association On these occasions he 
often tried out, usually quite unhei aided to his fi lends, new ideas which had 
occurred to him concerning eithei scientific problems or educational matters 
He was keenly interested in the progress of his pupils as they joined the Asso- 
ciation and was apt to single out these young men to congratulate them or to 
show an interest in their voik whenevei he had the oppoi tunit}'’ AVe who 
saw him thus intimately and came to know him better than did others, except 
perhaps his pupils and immediate associates, lecognized his great abilities and 
the stimulus which his qualities gave to the Fellows of this Association Fully 
conscious of his tremendous energy and restless disposition, Ave saw him reach 
for and attain achievement after achievement, only to maivel that long before 
one ambition was accomplished another and gi eater undei taking was already 
on Its way We are happy to inscribe here oui deep admiration for his great 
qualities which led him to decorate the Ameiican surgery of his time Al- 
though he was widely acclaimed as a supeib surgeon, a scientific investigator, 
a great writer, and a medical historian, we. Ins intimates, benefited equally 
from the example he set m the care of sick people He is no longer with us, 

*The Williams, his maternal ancestor’s name, was finall}’- dropped after his settling 
m Boston in 1912, where his mail often became confused with that of a surgical colleague. 
Dr Hayward Warren Cushing But an even earlier episode had warned him of this 
difficult}", for, in 1895, when he had taken the examination for house-pupil at the Massa- 
chusetts General Hospital, he failed to hear the result for a long time after the other 
candidates had been notified Investigation revealed that his notice of successful applica- 
tion, which seemed all-important to him at that time, had been forwarded to the same 
Dr Hayward Warren Cushing, one of the most promising jounger surgeons of Boston 
This first incident was probablj" a major influence in his dropping the use of his middle 
name in his publications as early as 1900 
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but these qualities will suiely be passed on as a pait of the tradition of Ameri- 
can surgery, and thus his influence will amelioiate the suffering of the sick in 
the generations to come 

Born m Cleveland, Ohio, April 8, 1869, of a long line of distinguished 
doctor folk, he came fiom a typical New England family His fiist Ameiican 
ancestor, Matthew, landed in Hmgham, Massachusetts, in 1638 Many of 
his external and spiiitual charactei istics revealed a stein New England back- 
giound He appeared as a leseived individual, holding himself, as a rule, 
aloof from otheis in a great ciovd, though unbending genially 111 the company 
of his fi lends The austeie and anstociatic poitions of his disposition mirroi 
many of our most distinguished American people, who came from the same 
Puritanic stock The ancestois of such people were firm m their personal 
convictions, and stiffnecked and stubborn enough to ventuie into an unknown 
country and face great dangeis rathei than give m to the desires of others 
But the Puiitans had many attributes, and just as they appeared austere, so 
in their intimate contacts they often let themselves go and became the waim- 
est of fi lends Thus, when they can be appioached, hidden qualities of geni- 
ality and fiiendship aie displayed which fiequently outshine charactei istics 
carried by otheis more openly on their sleeves Of such a mixture was Har- 
vey Cushing — appaiently stern, a seveie taskmastei, moie critical of himself 
than of otheis, and yet on occasions imbued with a waimth and geniality that 
astonished all but those who knew him intimately W e who had this privilege 
are grateful that such an ardent and busy natuie should vouchsafe to us the 
preservation of his fiiendship 

Following his piehminaiy education in Cleveland, Ohio, he went to Yale 
College, where his prowess as a baseball playei led him to make his Letter and 
later to become captain of the team From Yale College he went to Haivaid 
Medical School, wheie he giaduated with the degrees M D , cum laude, and 
M A , in 1895 A review of his giades at the Harvard Medical School is of 
some interest, for the C minus in Clinical Suigeiy is in sharp contrast to the 
eleven A’s and thiee B’s To understand this, one must realize that there was 
little oppoitunity for the students of that day to come into close contact with 
patients in their routine teaching exercises To obviate this, many students 
neglected the regular course and spent their time as assistants or “strikei s” in 
hospitals, thereby incurring the displeasuie of the teacher thus neglected At 
least such action expressed early the independence of Harvey Cushing’s mind 

From the Harvard Medical School he went to the Massachusetts General 
Hospital as house officer on the Surgical Service Here his industry and his 
beautiful records, illustrated by his own drawings, set him aside as an unusual 
person Here he became interested in the early roentgenographic machine 
then just beginning to be used in cases of broken bones And here he and 
Amory Codman kept recoids on special charts, drawn by Cushing, of the prog- 
ress of patients during anesthesia, records which are to-day looked upon as 
one of the earliest attempts to set down in visual form the progress of a patient 
during a surgical operation Later on, when he had brought back from Italy 
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a blood pressui e apparatus with an inflatable armlet, there really commenced the 
fiist intelligent anestliesia charts which have been such an important addition 
to caieful surgery Dm mg his house officership at the Massachusetts General 
Hospital, he wiote a letter to his friend, W S Thayer, then working in the 
Johns Hopkins Hospital, asking him if by any chance theie would be an open- 
ing available under Oslei, when he was thiough his service in Boston This 
letter to Thayei was nevei answeied, and had it received favoiable leception 
one simply cannot visualize the difference it might have made m Cushing’s 
cai eer It would be an interesting mattei , indeed, to circularize the American 
Surgical Association to see what answer oiii Fellows would have to this prob- 
lem' Could a man of Haivey Cushing’s make-up have been content with 

medical practice^ Would he have found, possibly in the field of neurologv, 
an inteiest sufficient to absoib all his eneig}^^ Would any career in medicine 
have had a piactical enough appeal to a man who found a chief interest in 
keeping the moitahty score of his woik and who loved to do physical battle 
in the accomplishment of his suigical practice^ 

From Boston he went to Baltimoie as assistant on the staff of William 
Stewait Halsted Many of you have heard Doctoi Cushing himself tell the 
stoiy of his tiansition, but since the impact of Halsted’s teaching is one of the 
turning points in his careei and indeed one of the few instances where anothei’s 
influence helped so obviously in chaitmg the futuie couise of his caieei, it may 
not be amiss to leview the matter The shift from the Boston surgery of that 
day, where speed of opeiating was still consideied advisable and even used 
as a gauge of ability, to the painstaking, slow, and gentle methods of Halsted 
was an evei lasting inspiration to the pupil Cushing He often told the stoiy 
himself that, coming from Boston where a complete breast proceduie was 
accomplished in 28 minutes, he saw with misgivings a four and one-half-houi 
opeiation foi the same undei taking How amazed he was that stimulants weie 
unnecessaiy, and how hoi rifled he was when told not to dress the wound for 
ten days ' Recalling the wounds he had pieviousl}’' studied, he remarked to him- 
self, “I may not see the wound, but I shall smell it When in ten days the 
wound was diessed and found pei fectl}'- healed, his skepticism disappeaied 
Moreovei, heie he was flist intioduced to the expeiimental method, and was 
taught the value of cai eful and detailed 1 ecoi ds whether in the laboratory or on 
the ward From Halsted he learned that piecise and thorough concentration 
on a small pioblem might yield more than gieat labois in loutine work Heie, 
too, he learned the value of a meticulous and gentle technic that sought to 
spare each cell from being damaged, a technic which was to peimit him in the 
years to come to ci eate the surgery of the centi al nervous system It is doubtful 
if Halsted had any other pupil who learned so rapidly and thoroughly the art of 
suigery as he, Halsted, conceived it 

Finally, his tiaining as a geneial surgeon completed. Doctor Cushing went 
abroad (1900-1901), and 111 Berne, thiough Kochei and Hugo Kronecker, 
accomplished his flist work in expeiimental neurology (Physiologische und 
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anatomische Beobachtungen uber einige hiermit verwandte Ei scheinungen 
Mitt a d Gienzgeb d Med u Chir , g, 773-808, 1902) This neurologic 
field was to become his life woik, and it is of inteiest to examine the stimulus 
which brought him to it My notes made aftei convei sations with Doctor 
Cushing led me to feel that Doctoi Halsted suggested to him the field of neu- 
lologic surgery, but lecently Di Roy D McCluie, who woiked with Doctor 
Cushing during the first year that the Hunterian Laboiatory was open and 
who became latei Halsted’s Resident Suigeon, and otheis have made it cer- 
tain that Haivey Cushing himself pioposed the field to Doctor Halsted Doc- 
tor Halsted’s first reply was, “Why Doctoi Cushing, we had only two cases 
of biam tumoi last yeai When Doctoi Cushing persisted. Doctor Halsted 
lemaiked, “All light, the field is youis ” And perhaps there weie indications 
of this leaning even earlier, for the title of Doctoi Cushing’s second paper 
was “Haematomyelia from Cunshot Wounds of the Spine A Report of Two 
Cases, with Recovery Following Symptoms of Hemilesion of the Cord” (Am 
Jour Med Sci , 115, 654-683, June, 1898) This article was spoken of by 
Doctoi Thomas, then Piofessor of Neuiology at the Johns Hopkins Medical 
School, as the best investigation of supeificial sensoiy supply earned out up 
to that time 

During his first trip to Europe, Harvey Cushing picked up m Pavia, Italy, 
a clinical model of Riva-Rocci’s blood pressure apparatus with an inflatable 
aimlet, which he adopted for use m all his subsequent surgical pioceduies 
This IS of special interest, for this apparatus led to a cementing of the friend- 
ship between Cushing and Ceorge Crile and thus, indirectly, to the founding 
of the Society of Clinical Suigery, a tiavelmg clinical club m which these two 
were among the motivating spirits 

On his return from Europe, Cushing became the Neurosurgeon of the 
Johns Hopkins Hospital group It was a difficult and discouraging begin- 
ning The mortality was terrific, though bettei than that obtained by other 
surgeons Always there was extreme diligence and thoioughness Autopsies 
were secuied whenevei possible The reasons foi catastiophes weie thus ex- 
plained and technical perfection thus secuied The happiei field of the sur- 
gical treatment of tiifacial neuialgia was reopened, studied, and made safe 
Laboiatoiy efforts previously m the field of general surgeiy continued m this 
newer field and soon he began to investigate the pituitary body Tumors of 
it wei e noticed , studies of its functions grew apace , and by the time of his 
removal to Boston, his first book appeared, “The Pituitary Body and Its Dis- 
oiders ” 

During these formative years m Baltimore, when his woik hardened en- 
tiiely along neurophysiologic lines, he discoveied m William Osier a chief 
stimulus and mentoi They weie next-dooi neighbors, and his footsteps were 
often turned to Osier’s home wheie he found encouragement, guidance, and 
leaven which only such a biilliant charactei could give Here he began to 
acquire his love of books and his amazing information of the background of 
medical history Here he gathered in acquaintances from many corners of the 
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world to emerge a real cosmopolitan Osier’s departure to Oxford, in 1905, 
seemed a gi eat loss to Harvey Cushing, but by this time he was well started 
111 his hibliophihc adventures and perhaps was really benefited by the inde- 
pendence of thought and action which this separation enforced Anyway, the 
trail between these two was now well established, and their correspondence 
foimed a major tie of interest for each until Osier died 

It will be of some interest for you to know that as early as 1910 Harvey 
Cushing was appointed Professor of Surgery at the Harvard Medical School 
and Suigeon-in-Chief at the Petei Bent Brigham Hospital The new Harvard 
Medical School ivas occupied in 1906, and some wise heads had influenced 
the Board of Trustees, under the will of Peter Bent Brigham, to build an hos- 
pital on the cow pasture adjoining this new school Cushing never taught 
under this title because, by the time he moved to Boston, in 1912, Maurice 
Richardson had died, and his title was changed to Moseley Professor of Sur- 
gery In Januaiy, 1913, the new Peter Bent Brigham Hospital opened its 
doors and his labors in Boston began m earnest The details of his accom- 
plishments in Boston are available to all m the Annual Reports of the Hos- 
pital It is appi opriate to point out here that Harvey Cushing and his colleague, 
Henry Christian, put gieat emphasis on the value of professional hospital re- 
poits Here they reviewed and prophesied the changing character of both 
medical education and medical practice, and thus elevated hospital reports to 
a useful professional level 

At first he kept his inteiest in the general surgical clinic, but his prominence 
in neurosurgery was so outstanding that gradually this field occupied all his 
energy and time Yet, m spite of these responsibilities, there was at first time 
foi tennis and frequent discussions with the devoted members of his house 
staff Indeed, it was these informal meetings, plus his weekly rounds on 
patients with other than neurologic disordeis, and the influence of his great 
example in the care of his own neurologic patients which permitted him to be 
the inajoi influence, for many years to come, on many pupils whose interest lay 
in the field of general surgery And from time to time he did take on the 
performance of some unusual task in the field of general surgery, and such 
procedures will long be remembered by the interns of the first few years of the 
Brigham Hospital as among their greatest moments of inspiration Before 
the Great War was upon us, he had become one of the leading surgeons of 
our day, a matter attested to by the invitation to give the oration in Surgery 
at the International Congress of Medicine in London m 1913, “Realignments 
in Greater Medicine , Their Effect upon Surgery and the Influence of Surgery 
upon Them” (Brit Med Jour , 2, 290-297, August 9, 1913 Also Lancet, 2, 
369-375. August 9, 1913) 

Then came the Avar, and foi Doctor Cushing tAvo experiences, one Avith 
the French Army at the American Ambulance Hospital in Pans, April, 

* At the outbreak of the European War, Americans in Pans organized the American 
Ambulance Hospital under the auspices of tlie American Hospital, a small incorporated 
hospital largely used by the American colony there The French Government placed the 
new Lycee Pasteur in Neuilly at the disposal of this new Ambulance Hospital One of 
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and later, after the United States had entered the war, with Base Hospital 
No 5 m France, May, 1917 to May, 1919 His great abilities soon led to his 
removal from this Base Hospital group, of which he was the organizer and 
peace-time Director, to become the senioi consultant in neurosurgery of the 
American Expeditionary Force During these experiences his tremendous 
labors under the severe physical strain of forward conditions brought com- 
fort and life to many an injured soldiei, but his unsparing devotion to the 
task eventually undei mined his health and left him a sufferer from aiterial 
disease for the remainder of his life All through this period of immense 
physical stiain, his publications continued His contributions to the care of 
intracranial war wounds set the proper methods in this field Great as was 
his devotion to professional woik, he found time to keep up his daily Journal, 
a habit begun in 3’'0Uth and continued throughout his life whenever he traveled 
awa)'’ from home In 1936, excerpts from his daily War Journal appeared 
in book form, From a Surgeon’s Journal (Boston, Little, Brown, and Com- 
pany, 1936) For his great works in Fiance he was honored by his own 
country by the awaid of a Distinguished Service Medal, by Great Britain by 
the Order of the Companion of the Bath, and by France with the position. 
Officer of the Legion of Honor 

During this war experience theie weie several trips to England, and each 
time the long desiied visits with Osier On one of these occasions the wiiter 
was present and recalls as brightly as if it were but yesterday the witty and 
brilliant chaffing which flow^ed forth at the time It was shortly before Revere 
Osier’s death, and though the imminence of disaster seemed in the very air, 
the comfort and happiness of the guests was overwhelming Conversation 
drifted from the first written medical document, a piece of stone covered with 
unknown writing this time, to how’^ difficult it was for the British to learn the 
value of corn as food for man, having for centuries thought it fit only for 
pigs and chickens ' All the time Harvey Cushing sat wrapped in devoted and 
appreciative silence 

After the war he became reestablished m Boston and his labors in neu- 
rosurgery took on their final form His interest in general surgery lagged, 
for there was no time for it Assistants flocked to his side to w^ork in neu- 
rology and neurosurgery, and the output of their work and influence is world- 
wide In the midst of all this William Osier died, and, at the request of Lady 
Osier, Cushing took up the writing of a biography It w^as a labor of love, but it 
w^as accomplished with the same tools and vigor that surrounded all Harvey 
Cushing’s works Fust every possible source of information was gathered 
m and digested, the smallest references in daily newspapers were consulted, 

the three services was organized to be stalled by groups which rotated every three months 
from American Medical School hospitals A unit under Dr George Crile, from the 
Lakeside Hospital, Cleveland, Ohio, began this service January i, 1915, the Harvard 
Medical School unit followed, Apnl-Jvne, 191S, and w'as in turn followed by a unit from 
the University of Pennsylvania Medical School Doctor Cushing remained with his 
unit only for the month of April, 1915, returning Ma England where he Msited Sir 
William Osier 
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and fioni this background the great two-volume biography appeared Small 
wonder to those %vho knew of the sinceie efforts that the product would be so 
universally acclaimed 

On the occasion of his sixtieth biithday, 1929, his pupils dedicated to him 
a collection of their writings This “Festschrift,” a special number m honor 
of Harvey Cushing’s sixtieth birthday (Aich Surg, 18, 935-2045, 1929), 
emphasized his qualities as a teacher The 82 papers weie contributed by 
men then holding some of the most important medical and surgical positions 
not only 111 the United States of Ameiica but in Em ope And the contribu- 
tions not only ivere in the field of neuiology and neurologic surgery but ranged 
over the entire field of medicine, and included histoiical essaj^s as well as ex- 
perimental and clinical observations The impact of Cushing’s character and 
abilities IS nowheie better pictured than m this affectionate tribute 

His effect upon the Harvard Medical School Faculty was considerable, 
even though he and the Dean of the School during this period did not always 
agree in matters of policy and action Cushing was greatly interested in the 
establishment of a common library, in the modification of the curriculum with 
Its lesultant reduction in didactic houis, and was a leader m opposing the 
adoption of the “full-time clinical teaching” in the strict Rockefellerian sense 
and in opposing a plan that the Medical School edit a text-book which pur- 
posed to infiltrate all departments of the School with pieventive medicine 

The hospital regulation set by himself and Henry Christian automatical!} 
letiies the professional membeis of the Biigham Hospital staff at the age of 
63, and this, by custom, is accompanied by resignation from the Medical 
School appointment And so, in 1932, ariived the date of retirement set by 
himself It came at a time when Doctor Cushing was working as never be- 
foie, though botheied with peiipheral vasculai disease and the signs and symp- 
toms of gastric ulcer The tiansition fiom his tremendously active life was 
great, but he made it abruptly, and surgeiy was given up He refused the 
repeated requests of the Brigham Hospital Tiustees to remain in service as 
Surgeon-in-Chief, and attempts were soon made to entice him to many places, 
though it was hoped he would stay in Boston and woik on his collection of 
biain tumois He remained at the hospital for another yeai, however, and 
worked m uncomfortable quaiters, for he insisted that his successor occupy 
immediately the quarters set aside foi the Surgeon-in-Chief The following 
year he went to Yale as the Sterling Professor of Neurology (1933-193?) 
Here he was offeied an active post, not simply an honoraiy sinecure, and to a 
man in the full vigor of his yeais, this opportunity and his natural devotion 
to his Alma Matei, which had the vision to utilize his gieat abilities, turned 
his footsteps away from Boston and Harvard With him went his collection 
of brain tumor specimens and photostatic copies of the patient’s records At 
Yale he continued a thorough study of this great mass of material, the assem- 
bling of which represented such unusual physical efforts Majoi fragments of 
this material had appeared either in book form, as the monograph on the 
acoustic neuiinomata (1917) and the classification of the gliomata with P 
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Bailey (1926), or in separate smaller publications, notable among these being 
Ills final contiibution 111 the field of pituitary disorders “basophilism,” a clin- 
ical syndiome which now beais his name At Yale, the work continued in spite 
of fiequent physical discomforts Clinical, expeiimental, and historical papeis 
continued But chiefly there uas the continued study of his oun experiences 
in the field of brain tumors and always there went on the follou -up and end- 
lesult letteis and examinations* Though the Yale prof essoi ship terminated 
111 1937, the uork continued unabated, and he was as active from 1937 up to 
the time he died as at any time in the last five years The great volume on 
the meningiomata did not appear until 1938 

This brief glimpse into the life and works of a man who vas a friend to 
everyone here must leave us somewhat stunned b} the breadth and profundit} 
of his accomplishments We knew him as an individual, endowed with un- 
usual ability, ambition, and artistic temperament We have seen personally 
the technical perfection of his suigical ait, and we have marveled that, in the 
brief span of a single existence, he was able to accomplish such a mass of high 
grade endeavor His abiding curiosity was one of his outstanding qualities 
and one which constantly led him to intellectual pursuits, often quite unasso- 
ciated with his professional career Such a curiosity certainly played a role 
in his acquisition of a gieat medical library Take, for example, a book given 
to him by a friend or a grateful patient As soon as he had it, he had to know 
who had owned it before his hands touched it, then all about the author and 
all about the printer If any of these was one who had left his mark in the 
passage of time, then Cushing would ferret about until he knew a good deal 
about that particular individual The same was true about things he noticed 
when traveling Doctor Councilman was once trying to explain to me, with 
the aid of a small pocket lens, the difference between the leaves of the various 
conifers, and for a whole week Doctor Cushing kept at Councilman until he 
thoroughly understood the details of this simple study into the uorks of nature 

To many people he was looked upon as a great teacher, and here indeed 
lay one of his gieatest gifts to posterity, foi no master has had a more de- 
voted gioup of pupils, who so obviously have followed in emulation the foot- 
steps of then master His exquisite handling of tissues, his perfect care of the 
patient, his leaving no stone unturned no mattei uhat the effort, were the 
lodestones which diew young men to him in great numbers His method of 
teaching was simple It vas the apprenticeship system, and since Cushing 
was a man of few woids, it was laigely a teaching thiough example It has 
often been said that Harvey Cushing was a seveie task master He vas when 
It was necessary, but he certainly never demanded greater laboi s of his pupils 

* As late as July, 1939, a chromophobe pituitary adenoma patient seen first by 
Doctor Cushing in February, 1926, turned up at the Brigham Hospital to show the 
writer a letter from Doctor Cushing, inquiring about his condition, with the request that 
the writer examine him and send the information to Doctor Cushing This done, 
there was the immediate grateful reply, so characteristic of his correspondence with a 
pupil 
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than he set for himself, and it causes us no sui prise that such an ardent and 
serious person was impatient with incompetence and slovenliness His per- 
fectionist attitude hiooked no compacts with mediociity, and throughout all 
his relations with his pupils theie was always time foi wise counsel and 
fi lendly advice The pupils always knew, even without a spoken word, that 
then inteiests lay close to his heart 

He IS suivived by his widow, Katharine Stone Crowell, and four chil- 
dien, Mary, Betsy, Henry, and Barbara Another son, William, the eldest 
child, was killed in an automobile accident while a student at Yale College 
Mis Cushing was not a frequent visitor to the meetings of the American 
Suigical Association, though she did attend the meeting at Richmond when 
Harvey Cushing nas our President However, she was known to most of the 
Fellows of our time, for Harvey Cushing almost always had people home to 
dinnei with him when they visited Boston, and on these occasions Mrs Cush- 
ing was the perfect hostess, always interested in the visitor’s point of view, 
and putting him at lest and in comfoit thiough hei simple, direct, and 
thoughtful natuie Fellows of the American Surgical Association who were 
at one lime pupils of Doctor Cushing came to know Mis Cushing intimately, 
and all of these shall foievei feel then indebtedness to hei for much help 
and kindness as they climbed the surgical ladder at the Biigham Hospital 
We are happy to record here, at a time when we mourn greatly the loss of 
our friend, oui special affection to her who did so much for many members 
of this association 

We who have so greatly enjoyed our fellowship with Harvey Cushing and 
profited by this lelationship are happy to acknowledge here our admiration 
foi one whose work will descend through posterity for the benefit of man- 
kind We, his friends, recognize m many of his attitudes and actions the natu- 
ral ambition of all people, and though we may see less of the supernatural than 
others, recognize his unusual accomplishments Through my long and devoted 
association with him, I believe that he would like best of all to have said about 
him that he had followed the highest tiadition of our profession — that he never 
had neglected anything that could bring comfort or benefit to a patient These 
attributes made him not only a master surgeon but a chief physician of his time 

Elliott Cutler 
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TRANSACTIONS 

OF THE 

SOUTHERN SURGICAL 
ASSOCIATION 

MEETING HELD AT AUGUSTA, GA 
DECEMBER 5, 6, 7, 1939 

ADDRESS OF THE PRESIDENT 
THE SURGEON IN THE ROMANTIC STORY OF TEXAS ' 
Albert 0 Singleton, M D 

Galveston", Tena.s 

Previous Presidential Addi esses of this Association have been in the form 
of scientific papers, philosophic discussions on suiger}^ as a science and pro- 
fession, and those with a historic backgiound Most of you have witnessed 
my best efifoits with a scientific paper, and I lack the ego and coinage to ven- 
tuie my beliefs oi views upon the problem of suigeiy as a whole, so I have 
taken the easiest course and will endeavoi to give you some of the high lights 
of the lomantic history of Texas, including its no less lomantic suigical histoiy 

In March, 1536, 400 years ago, a paity of Spaniaids fioni Mexico (New 
Spam), scouting m the wild lands near the Gulf of California, suddenly 
came upon a spectacle more strange and unexpected than the footprints v Inch 
gieeted Robinson Ciusoe’s e3"es on his deseit island It was a white man, all 
but naked, his nakedness partly concealed by a tangle of long haii He was 
accompanied by a Moor slave, Estebanico, two Spanish companions, Dorantes 
and Gastello, and eleven Indians, his name was Alvai Nunez Cabeza de Vaca 
(Fig i) 

These weie the suivivois of a Spanish expedition of 600 men led In 
Naivaez, wdio, seaiching foi gold, plunged into the Floiida sw'amps m 1527, 
expecting to leach New Spam (Mexico) oveiland and bv sea But disaster 
lode then sails Stoims wnecked then ships, one of which w'as on an island 
off Matagorda Bay, on the coast of Texas. Noiembei 6, 1528 Indians 

* Delivered at the Fiftj -second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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seized the shipwiecked Spaniards and made slaves of them This was turn- 
ing the tables with a vengeance, as a favoiite practice of the Spanish con- 
quistadoi was to enslave the Indians These were the first white men to 
leach Texas soil, and the leader of the paity, Cabeza de Vaca, became the 
fiist siiigeon in Texas 

While slaves of the Indians, the tube was visited by an epidemic disease 
of the bowels and half then number died The Indians demanded that the 
white men stop the disease, and lathei than lose his scalp, de Vaca accepted 
the medical degree Magic, piayei, Indian medicine cauteiy, cupping, heibs 
and concoctions obtained fiom the Indians were his remedies Soon he and 
his companions weie followed by a woishi])ful ciowd of sick and ciippled. 



Fk I — 1 lie route of De\ Tcn in journej of g venrs 'icro'^s AmencT 


and m his stoiy de Vaca tells of the many blind and diseased Indians he 
tieated He also desciibes an opeiation he peifoimed m 1535 “Here they 
1)1 ought me a man, who, they said, a long time ago, w'ounded by an airow. 
the point of the aiiow^ above the heart With a knife I earned, I opened the 
hi east I continued to cut and diew' the head foith Whth a cleei bone I 
made tw'O stitches and wnth the ban fiom a skin I stanched the flow' of blood 
The w'hole village came to look at the aiiow' I cut the stitches and the Indian 
was well” (Fig 2) 

This w'as unquestionably the fiist smgical operation peifoimed m Texas 
It was 404 yeais ago and, at the same time, m the Old World, Vesalius w'as 
teaching anatomy and pointing out Galen’s anatomic eirois, and Leonardo 
da Vmci w'as painting the Mona Lisa Also, Ambi oise Pare, w'lth little more 
medical tiaming than de ^Hca, w'as making suigical histoiy thiough the 
school of expel lence Whth the passing of de Vaca acioss Texas, Spam 
claimed the country, though no white man remained 

The French in Texas— One lumdied fifty years latei, this stiange new 

674 




^ olumc 111 
dumber 5 


SURGICAL HISTORY OF TEXAS 


country was for all intents and purposes discovered again, and this tune by a 
Fiencliinan In 1685, Robeit Cavelieis de La Salle, one of the gieatest of 
exploieis, sailed donn the Mississippi Rivei to its mouth, laying claim to the 
gieat valley for Fiance and calling it Louisiana (Fig 3) One yeai latei , on an 
unchaited sea, his ships missed then goal, which was the mouth of the Missis- 
sippi, striking the gulf coast at the west end of Galveston Island A tropical 
storm wi ecked the fleet on the same spot on which Cabeza de \^aca’s Spamai ds 
met disastei 150 yeais befoie Disease and dissension aiose among the 
stianded Fienchmen, and the gieat La Salle was murdeied by some of his 
rebellious followers, led by his surgeon, Liotot, the second suigeon lecorded 
in Texas La Salle was tioubled by a henna but it w'^as not operated upon 



Fig 2 — DeVTCT wts followed bj a worshipful crowd of sick and diseased Indians 

Joutel, a piiest, suiviving the expedition says “A soldier while letiievmg a 
snipe shot in a maish, w'as bitten on the leg by a rattlesnake Five months 
latei his leg still sw'^ellmg, the suigeon, appiehensive of moitification, cut it 
off But fevei follow'^ed immediately and he lived but tw o days, dying on the 
Feast of the Decollation of St John the Baptist much lamented by all and 
paiticulaily by Monsieui La Salle ” This w^as the fiist amputation performed 
m Texas wuth a moitaht}^ of 100 per cent to the patient, and also the suigeon 
who soon afteiw^aids w^as assassinated La Salle’s expedition ended the first 
and only effoit by Fiance to colonize Texas 

Spanish Missions in Texas — Spam, fearing that the Fiench would 
colonize the new' countiy, sent an expedition, formed m Mexico, to settle 
heie This w'as in 1716, and m the next few yeais, many missions weie estab- 
lished, the most famous of these w'as the historic Alamo (Fig 4) 
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The missionaiy zeal of the padies was persistent but little headwa)^ could 
be made with the Indians Only so long as corn and clothes were given them 
were they good Chiistians Out on the plains roamed the fierce Comanches 
(Fig" 5) and Apaches, whose wai ciy brought terroi to many white men, and 
the colonies did not piosper The Spanish padre was filled with zeal foi the 
salvation of the heathen souls, but nothing could speak more eloquently of 
the failuie of Christianizing the Indian than the rums of the Spanish missions, 
to be seen ovei Texas some 50 yeais later, and now 



La Salles Landing in Texas 
Fig 3 

In 1762, following the Fiench and Indian wais, lather than lose them to 
England, Fiance secietly tiansfened all hei claims to Texas and Louisiana to 
Spam, and Galvez, the young Spanish governoi of Louisiana, became Go\- 
einor of Texas as well 

At the turn of the centuiy, Napoleon was flying high and in older to cuny 
favor with him, Spam secietly tiansferred the Louisiana territory back to 
France But Napoleon needed money more than wild Indians, and two years 
later, sold Louisiana to the United States But Spam held on to Texas and 
though her claim was questioned, it was lespected 

"The Spaniai ds were nevei quite happy in any pai t of the Neiv World 
where piofit was to be had only as the rewaid of their own labor They were 
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not natuial colonizeis and developeis like the English, noi traders and diplo- 
mats like the Fiench They weie conqueiors, ruleis and exploiters The} 
weie nevei comfoi table m the neighborhood of the hostile Indian because the 
Indian i efused to be conquei ed ” 

The Coming or American Settlers — The feitile plains ot Texas Meie 
inviting to the Amei leans to the east and noith who had begun to have grow- 
ing pains aftei gaining their independence fiom England Settlers began to 
sweep over the boidei and they were not the most peaceful settleis In 1820 
the Spanish authoiities lound it necessaiy to diive out a fihbustei ing paity 
under Dr James Long, called by General Jackson at the Battle of New Oi- 
leans “my young lyon ” In a battle with the Kiankaway Indians on Galves- 
ton Island, his associate, Doctor Painell, had his cap pinned to his scalp by 
an airow Lamar recoids that “the ariow was extricated fiom the scalp 



Fig 4 — Historic AHmo, 1716 Fig s — Fierce CoiriTnchc IndiTns (Remington) 


‘'sccundum aitem’ by Gen Long with his bioken sword” Thus another 
suigeon m Texas was not lemembeied for his scientific achievements Also, 
the Ameiican buccaneer, Jean Lafitte, driven fiom New Oilcans, had become 
established on Galveston Island from hence he was making war on Spanish 
ships In spite of these events, Moses Austin was given a grant to settle 300 
families His 28-yeai-old son, Stephen, executed this first giant foi settling 
Amei leans in Texas 

Stephen Austin was tiuly the Fathei of Texas, cultured, wise, persistent 
and faithful to his tiust Baikei says of him “He was successful with none of 
the tucks of the demagogue His influence was based upon his recognized 
knowledge, wisdom and chaiactei 

In 1821, Mexico had gained her fieedom fiom Spain, and in 1827, Santa 
Anna, an unpimcipled leadei, became President of Mexico Consideiing him- 
self the Napoleon of the West, he began to maich into Texas to put down a 
rebellion of Ameiican settlers Austin made haste to Mexico to intercede 
foi the colonies but the only satisfaction he got was a year 111 prison In 
1835, he leached home to be followed by Santa Anna's arm} The peaceful 
Austin now became aroused to the necessity foi armed lesistance, called the 
settlei s together, declai ed their independence and declared w ar 

At this time theie appeared upon the scene a man of destm}, Sam Hous- 
ton, to continue his lomantic exploits “He had just come triumphantl} 
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thiough a sensational affair in which lie had bested the enemies of President 
Jackson in the TJ S Congress Foi thiee yeais, evei since he had sepaiated 
fioin his bride of onl}' a few days and had resigned from the office of Gover- 
noi of Tennessee, Houston had been under cloud ” During this time he had 
lived with the Cheiokee Indians on the Arkansas River, and he was regarded 
as, he has said of himself, “a man of broken fortune and blasted reputation ” 
In 1830, he had come fiom his letirement and had endeavored, through Presi- 
dent Jackson’s influence, to help the Indians 



Fig 6 — Fall of the AHmo 1836 


Resenting an attack upon the President by Congiessman Stonbury, of 
Ohio, he challenged him to a duel Stonbui}’- refused to duel, and upon being 
met by Plouston on the stieet was thrashed with a cane Houston was tried 
befoie the Bar of the House, the tiial lasted a month and created a great 
sensation Houston, leferrmg to it, said “I was dying out and had they 
taken me hefoie the Justice of the Peace and fined me ten dollars for assault 
and battel y, it would have killed me, but they gave me a national tribunal 
foi a theatre, and that set me up again ” 

Houston, who was made Commander-m-Chief of the Texas Army, issued 
a call to arms Octobei 8 1835 Santa Anna’s army was soon at San Antonio, 
and a huri led call was sent to Houston, 200 miles away, for help, but no help 
could reach San Antonio The small gairison of Texans could have escaped, 
hut a council of war between the leadeis. Col Travis, Col Bowie and David 
Ciockett, decided to defend the city Gathering all within the Alamo, the 
old mission conveited into a fort, with a few cattle foi beef and a quantity of 
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coin, they piepaied foi a siege A messenger slipped away with TiaMs one 
last appeal addiessed “To the People of Texas and All Ameiicans m the 
World — Fellow'^ Citizens and Compatiiots I am besieged by a thousand oi 
more Mexicans undei Santa Anna I have sustained a continual bombaid- 
ment and cannonade foi 24 houis and have not lost a man The eneni}' has 
demanded a sui lender at discretion, othenvise the gaiiison aie to be put to 
the sw'^oid, if the foit is taken I have answ^eied the demand wuth a cannon 
shot and oui flag still weaves pioudly fiom the w^alls / iicvci sunendn 
0) 1 et) eat ” 



Fig 7 — The Texas Na\>, 1835 


Foi tw'^o w^eeks the little band of Texans held the foit against Santa Anna 
wath an aimy giowm to 4,000 men On March 6, 1836, the foit w'as in nuns 
The Mexicans foiced the w^alls , Tiavis fell, shot through the head (Fig 6) 
Bowue, wdio lay sick on a cot, laised himself up in bed. bulled his keen knife at 
the heait of the flist man to face him and fell back dead Dav}^ Ciockelt was 
found with 20 dead Mexicans aiound him Thiee wmmen, a child and a 
Negio seivant w^eie all that fell into the hands of the victois These weic 
shot by 01 del of Santa Anna A commemoiative tablet at the Alamo beais 
the legend “Theimopylae had its messengei of defeat, the Alamo had none ’* 
One bundled eight-twm Texans w^ere buiied m one gra^e Fifteen hundred 
Mexicans w^eie killed dm mg the siege A few days latei, 400 men. at Goliad, 
undei Col Fannin, suriendeied to a foice of 600 Mexicans Upon Santa 
Anna’s older all w^eie shot 

The maityis of the Alamo and Goliad did not die 111 \ain The Mexicans 
had been held at San Antonio foi two weeks dining which lime the settlers 
w^eie fleeing eastwaid, and Houston was stiugglmg to laise an aim\ to meet 
the J^Iexicans 
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Oji Apnl 21, 1836, the Texas Anny refused to letieat fuither and, with 
Houston s geneials uiging a stand, thc}^ piepared to fight an army twice their 
numbei A suipiise attack was launched by the Texans, which caught the 
Mexican Aiiny completely ofif guaid It was eaily afternoon and Santa Anna 
and his men weie taking an afternoon siesta, when the Texas Army charged 
with the battle-ciy “Rciiieinbei the Alamo—Rcmembct Goliad'” 

The battle was a one-sided slaughtei — 380 Mexicans weie killed, 730 
captuicd, some 40 escaped Two Texans w^eie killed and 20 w'ounded In 
seal clung ovei the piaiiie foi Mexicans the next day, Santa Anna, the Napo- 
leon of the West, wxis bi ought m disguised as a piivate The 1 evolution had 
succeeded and the Republic or Texas was boin The Battle of San Jacinto 



Fio 8 — Te\T3 UTS occupied bj three wining, peoples 


w'as one of the 16 decisive battles of histoi}'-, foi heie w’^as settled forever the 
sepal ation of the Latin and Anglo-Saxon races m the New-^ World The larg- 
est monument of its kind in the w^orld marks the battlefield 

The Lone Star Republic and the Texas Navy — Fiom 1836 to 1845, 
the Republic of Texas giew^ and piospered Foi nine years it w^as a soveieign 
powei, a powei recognized by othei pow'-eis, wath hei own constitution, army, 
navy, pi esident and flag 

The Texas Navy w^as lapidly commissioned 111 1835 to defend the gulf 
coast and pi event soldieis and supplies fiom 1 caching Santa Anna’s Army 
as It tiaveled acioss Texas The Texas fleet at the time consisted of the 
Libeify, a sloop of 80 tons, the Independence, 160 tons, the ButUis, 160 tons, 
and the Invincible, 180 tons (Fig 7) They lived up to their high-sounding 
names, captuiing many Mexican prizes, and successfully pi eventing support 
and supplies from reaching Santa Anna , and the little navy w'as unquestion- 
ably lai gely responsible for the victory of Sam Houston at San Jacinto 
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The question of annexation was fieicely debated Congiess foi sevcial 
years because, if admitted to the Union, it ^^ould be anothei slave state, but 
Piesident Polk signed the congi essional bill, Decembei 29, 1845, making 
Texas a State of the Union 

The Texas Rangers — “The Texan was a tianspoited American, an 
out-i tinner of the Ameiican fiontiei , they weie intelligent, cool and calculat- 
mg In 1835, Texas was occupied by thiee waihke peoples (Fig 8) The 
Indians held the undisputed possession of the Plains , the Mexicans held the 
Southwest, while the Anglo-Amei leans occupied the Cential and Eastern 
poition The Texas Range) lepiesented the Anglo- Ameiicans m this conflict 
with the othei two They wei e small in numbei and in 01 dei to in they 
combined the fighting qualities of the thiee laces” “A Texas Range) could 
iide like a Mexican, tiail like an Indian, shoot like a Tennessean, and fight 
like the devil ” 

For moie than 100 years the Rangers have been the s3unbol of law in 
Texas When the wai began between the United States and Mexico, it was 
the rangeis who led the way and won the Battle of Monteiey foi Zachaiy 
Tayloi General King, of Taylor’s Staff, said of them “Hays and his langeis 
weie not only the eyes and ears of General Tayloi ’s Army but his light and 
left arm as well ” And ^^hen the going got bad with Geneial Scott’s tioops 
from Vera Cruz to Mexico City, the Rangers were sent foi General Allen 
Hitchcock, of Scott’s Staff, said of them “Hays’ Rangers have come, then 
appearance nevei to be foi gotten, not any soit of uniform, but well-mounted 
and doubly well aimed Each man has one or two Colt levolveis, besides 
ordinary pistols, a swoid and eveiy man a iifle The Mexicans are teiiibly 
afraid of them ” There ai e many famous men recorded among the leadei s, 
and many accounts are given of then daimg and braveiy, not onl}'- against 
Mexicans and Indians, but against outlaws, cattle thieves, tram robbeis and 
bank lobbeis Captain Bill McDonald, who became a fiiend of Theodoie 
Roosevelt, and the bodyguard of Woodrow Wilson, was a typical example of 
a langei captain When asked to explain his com age, he said “No ciook 
will stand up to a man when he is m the right, look him in the eye and keep 
on coming” On one occasion a not, with many involved, caused the citizens 
of a Texas town to send huriiedly to the Governor for the Rangeis When 
the tiain ai lived, only one rangei got oft He was met by an excited group 
who asked anxiously — “M'hei e ai e the 1 est of the Rangei s ^ We have a 1 lot 
heie ” The Ranger quietly answered, “You ain’t got but one not, have }ou’” 

The Texas Cattle and the Texas Co\\boy — These have been the 
souice of almost as many lomantic stories and songs as the Rangers Before 
the laihoads reached Texas, great herds of 10-, 20- and even 30,000 head of 
“long-horns” weie dnven in one diove to Kansas Colorado and California 
The “Chisholm Tiail,” the “Goodnight Tiail” and othei s weie famous routes 
made by the early pioneei s Goodnight w as one of the greatest of cattlemen 
He drove herds from Foit Woith to Demei Because of the Comanche 
Indians m the Noith he blazed a trail west to the Pecos Rner and north on 
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tlie west side of the Pecos Goodniglit ciossbied the buffalo and the Texas 
COW' in an effort to develop a bcttei beef Pie was not a phjsiuan but a 
gieat animal doctoi 1 -Jis ingenuity w'as evident on many occasions In the 
long constant diive ovei the deseit he found that the bulls w'ere unable to 
keep up w'lth the held because of sw'ellmg of the testicles fiom trauma This 
condition he lemcdied by amputating the sciotum and sewnng it up aftei 
pushing the testicles up into an undescendcd position The same opeiation 
has since been employed by the urologists 

liiL SuKcnoNs — Oui naiiative has become so long that there is little 
time foi the Sokgi:ox m Texas On the othei hand, until moie modem times 
Ik was of secondaiy impoitance Medicine fiom the tune of the Missions 
to the Amciican coloni/ation is lecoidcd m the Sjianish aichives and also in 
the iccoids in Mexico It is lecoided that the Indians suftered fiom disease 
and fiom many epidemics The wdnte man brought measles, smallpox, typhus 
fcvci , bulionic plague and influen/a. and they took a teiiible toll of the Indians 
S}philis, w'hich supposedly was earned to Euiope from the West Indies, 
piobabi}' w'as bi ought to the Texas Indian by the retuinmg wdnte man The 
Indian medical man was wdiolly ignoiant and though some herbs w'ere used, 
gcneially, tucks and faking w'eie his stock m tiacle 

Cabe/a dc \^aca’s companion, the Mooi, had already made medical histoiy, 
foi wdien he landed in Floiicla, in 1528, he came down wnth smallpox' The 
new' W'oild was viigin soil and many Indians died of the scouige cluiing the 
next 300 yeais 

In I/QS, Jennei discovcied vaccination, and Chailes IV of Spam, six 
3'cais latei, oideied that the vaccine be earned to Mexico and Texas A ship 
w'lth childien aboaid set sail Iwo of the childien w'eie vaccinated each w'cek 
w'lth the vnus taken fiom those vaccinated the pievious w'eek Thus the viius 
w'as kept alive and hi ought fiom Spam to hei possessions in the New' World 
A most unusual Royal Deciee fiom the King of Spam (found 111 Spanish 
aichives) occuiied in 1S04 This was concerning the many spiiitual and 
scculai evils caused by not using the cesarean opeiation accoiding to instiuc- 
tions This Deciee defined cleaily the duties and obligations of those lespon- 
sible foi laboi cases, and the uiles piesciibed b}' the College of Suigeons of 
San Cailos aie included in the Royal Cedula It piovided that, in all tow'iis, 
physicians should be on duty and be notified of the dangei of death to patients 
in laboi and evci} piepaiation made foi a cesaiean opeiation, and that they 
must not consent to the buiial of anyone, legaiclless of class, dying of chikl- 
buth unless they knew' that the opeiation had been peifoiined upon hci Tins 
Decree was sent to all the colonies m Texas 

In San Antonio, the first Texas hospital w'as established m 1805, and it 
W'as m the famous Alamo, an abandoned mission building We find that, m 
1815, King Ferdinand VII of Spam sent an inteiesting document to his Texas 
Colony inquiiing as to the number of hospital beds, and w'hethei 01 not sur- 
gical and medical cases weie kept separate, also as to w'hethei the doctors 
called legulaily, and many othei questions and oideis weie set foith 
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Colonial Dociors — Dining the colonial days we find lecoids of epi- 
demics of choleia, yellow fevei and smallpox Theie aie also accounts of 
1 attlesnake bites, but few accounts of sui geons ot note Austin's colonies wei c 
fiequently without sufficient diugs and the sei vices of physicians The chai- 
latan found a feitile field foi mait}is but ceitam it is that Doctois Pollaid 
and Michison, of Viigima, and Thompson, of Noith Carolina, achieved toi 
the medical piofession a poition ot the gloiy of the Alamo iiheie they died 
with then companions to whom they were administeimg to the end 

Attached to Fannin’s command at Fohad were Dis J W Shackelfoid 
and Joseph H Bainaid of the 400 Texans treachei ously massacied Doctois 
Shackelfoid and Beinaid weie spaied that they might be utilized to Beat the 
Mexican ounded 

A list of doctois uho fought in the Battle of San Jacinto consists of 16 
One of them, Di Anson Jones, played a veiy distinguished pait m the making 
of Texas, and was called the ‘ Architect of Annexation ” He was the last 
Piesident of the Republic of Texas He was a descendant of Olivei Ciom- 
well Doctor Jones was bom m Massachusetts and was giaduated fiom 
Jeffeison Medical College 

Mbth a new countiy filled uith adventuieis one natuially would not expect 
a high scientific development among the piofession, and unquestionably siii- 
geiy was extiemely crude Texas natuially could not expect to develop hei 
own sui geons, and we find that their impoitation came chiefly fiom the 
medical schools of Philadelphia, Louisville and a ceitam numbei fiom Euio- 
pean countiies Euiopean sui geons who emigiated to Texas had had the best 
tiaming Biowsing ovei the hteiatuie of this peiiod, one is stiiick by the 
Ignorance of some sui geons, and, on the contiary, by the ability of otheis 
In 1858, an account of the tiansfusion of blood foi yellow lever is quoted 
"The patient w^as a lady m wdiom the yellow’’ fevei had leached the usually 
fatal stage wdien hemoiihage takes place fiom the mouth She wmuld have 
soon expiied from loss of blood m that w’^ay, when Di Benedict detei mined 
to ti}’’ tiansfusion as a last lecouise The blood wdiich be injected tben, and 
afteiw^aids, into hei veins, be w'as caiefiil to diaw’’ fiom tbe aim of a peison 
(a volunteei ) wdio bad just lecovered fiom yellow' fevei This, we believe, 
IS the onl} know'-n case of tiansfusion in this city, but it is not likely to be the 
last Indeed, it w'ould not be surpiising if that ‘hei 01c’ piactice of phlebotomy 
(blood letting) w'as at a foimer peiiod It is obvious, how'ever, that none 
but the most scientific and skillful should evei be suffeied to undertake so 
delicate an opeiation ” (Hainson Flagg, November 19, 1858 ) 

The Texas State Medical Association w'as oigamzed in 1853, and a report 
of the Committee on Surgei} 1872, is lemarkable in its completeness and 
the amount of work expended upon it Dr Geoige Cupples, a brilliant sur- 
geon, w'as Chau man of this Committee The leport sumarizes 4,293 opera- 
tions, with a inoitality of 8 per cent Of the 2,080 majoi operations there 
was a mortality of 15 9 pei cent It is inteiestmg to note that of these cases 
theie weie 38 secondai} henioi rhages, with eight deaths and 14 cases of 
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tetanus, following: operation, with 12 deaths Of the anesthetics which were 
employed in these operations, chloioforin was in the lead with 3,178 cases, 
with one death be foie opeiation, no deaths dining oj^eration and alaiming 
symptoms in only 12 patients Theie w^ere eight disarticulations at the hip 
joint, w'lth a moitality of 50 pei cent Theie weie 47 ligations of the arteries 
lepoitcd, among them being subclavian, axillaiy, biacbial, common carotid, 
external iliac, common femoial and popliteal Lithotomies in the male were 
139, wuth a mortality of only 12 pei cent, wdiich, compared wuth the mortality 
in othei opeiations leported, must have been more skillfully performed Of 
tliese lithotomies, the lateial appioach w'as employed in 81 cases, and the 
median in the lemaindei The supiapubic operation w^as not practiced 

Many of the eaily suigeons deserve special mention, but time will permit 
of only a few' Di Asbbel Smith, a giaduate of Yale, who came to Texas 
about the time of the Battle of San Jacinto, W'as a veiy close friend of Sam 
Houston, and w'as appointed Suigeon General of the Texas ArnTy His in- 
fluence in the enactment of laws legulating the practice of medicine was needed 
and accc])ted Also, he w'as the great spirit w'hich caused the establishment 
of the Univeisity of Texas, and was Chairman of the first Board of Regents 
He wiote upon many medical and suigical topics, he also became famous 
because of the assistance he gave as a collaboiator of the American revised 
vcision of the Bible He w'as Mmistei fiom the Texas Republic to the Coiiit 
of St Tnmes , he danced with Queen Victoiia and lunched w'lth Napoleon 
HI He spoke and w'lote Fiench easily, also Latin and Gieek At the begin- 
ning of tbe Civil Wai he laised the Second Texas Infantry and fought 
thioughout the Wai He was seriously w'ounded at the Battle of Shiloh 

Di Geoige Cupples w'as piobably the most outstanding surgeon in Texas 
at the time he lived He w'as well educated, and never ceased in his endeavor 
to impiove the condition of surgeij' His fathei w'as Surgeon in the Biitish 
Navy and he himself sened as Assistant Surgeon 111 the British Army He 
W'as giaduated fioin the Univeisity of Edinbuigh and studied extensively in 
London and Pans He 1 cached Texas about the time of the Mexican War 
and enlisted, seiving thioughout the Wai as a suigeon He served as Senior 
Suigeon m the Seventh Texas Regiment dining the War betw'een the States 

Di Gideon Lincecum, a doctoi -botanist, w'rote extensively of Indian medi- 
cine He paid a medicine man to teach him the art, spending many w'eeks 
W'lth the Indians Later he listed 500 plants in Texas w'lth medicinal prop- 
el ties, many of w'hich w'eie used by the Indians He w'lote extensivelj' and 
uiged castration of criminals, as did many doctoi s of his acquaintance and 
some politicians 

Dr Gieenville Dow'ell, a graduate of Jefferson Medical College, w'as an- 
othei pioneei of gieat foice In 1865, he w'as elected to the Chair of Anatomy 
m the Fust Texas Medical School at Galveston He devised an opeiation 
foi the ladical cuie of henna He also devised a subcutaneous ligature for 
the cuie of vaiicose veins His instiuments for exti acting arrowheads and 
bullets were favorably know'ii to all surgeons in his part of the country He 
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was moie of a woiker than a wiiter, but he found time to conduct the Gal- 
veston Medical Journal, a monthly journal that staited m 1866 and ended m 
1871 His writings upon yellow fevei and malaiia weie valuable contiibu- 
tions In an editoiial 111 his medical journal he called attention to the hoides 
of mosquitoes pieceding and accompanying yellow fevei epidemics, ten yeais 
before Dr Finlay, of Cuba, published his theory of mosquito tiansmission 
of the disease He was called to the cities of Memphis and New Oi leans foi 
the yellow fever epidemics m 1870, and, m appi eciation, vas piesented with 
a gold medal by each city He was Surgeon in Chaige of the Hospital De- 
paitment of the Southern Army 

Berthold Finest Hadia was boin in Geimany in 1842, and received his 
medical education 111 Bieslay and Beihn He held the Chair of Suigeiy m 
the old Texas Medical College, and his contiibutions to medical hteiatuie 
were numeious He contributed to surgery of the spine by adding wiring of 
the spinous piocesses, which was piobabl)’’ the fiist effort ever made at 
mteinal fixation of the veitebiae foi tubeiculosis of the spine My distin- 
guished friend, Di A C Scott, makes the following inteiesting statement in 
legal d to him “Di Hadia peifoinied nine Kiaska operations foi cancel of 
the rectum, and published his lepoit of these cases Di Nicholas Senn of 
Chicago became inteiested m Di Hadia’s woik and expiessed a desire to 
have an inteiview Mith him Accoidingly, while m Texas, a visit to Di 
Hadra’s office was aiianged, and I had the pleasuie of listening foi about two 
hours to a detailed lepoit of the cases Di Hadia exhibited the pathologic 
specimens, each one of which iias lemoved from the fruit jar in which it had 
been caiefully pieseived Theie was much discussion between the two sui- 
geons, part of which I could not undei stand because they often spoke in 
German, but I could tell that Di Senn was deepl) interested and high!) 
pleased with Di Hadia’s woik ” 

Di Feidinand Heiff, of San Antonio, who died at the age of 91. vas bom 
in Geimany in 1820 Becoming dissatisfied vith the political conditions of 
Geimany, Doctoi Fleiff led a colony to Ameiica This colony foimed the 
foundation for one of the most valuable citizenships Texas has had He 
bi ought with him the cultuie and medical learning of Geimany, which was 
fai in advance of that of the New Woild Doctoi Heiff’s caieei in Texas 
was a long and remaikable one, and, m 1854, he performed his fiist note- 
woithy operation It was a lateial lithotomy upon a Texas Rangei It was 
the first time Doctoi Heiff had employed chlorofoim The stertorous bieath- 
ing of the patient, fiom the beginning of the opeiation, alarmed him to such 
an extent that the anesthesia vas discontinued and the opeiation completed 
without an anesthetic He performed his last operation at the age of 87 jeais 
Piobably no other suigeon in Texas can claim so many patients as he 

Di Bacon Saunders w^as a Past President of the Southern Surgical Asso- 
ciation, and his activities w^eie of such recent date, and his ability so well 
known to this organization, that it is unnecessary for me to mention his great 
influence in the surgeiy of Texas 
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Doctoi Saundeis peifoimed the first opeiation foi appendicitis in Texas 
This he did m a coiinliy home on a family dining table, his instruments 
sleiihzed on the kitchen stove Wyeth’s Siirgeiy lepoits this as one of the 
hist opeiations foi appendicitis m the United States I venture to say that 
Doctoi Saundeis did moie lieioic opeiations undei similai ciicumstances than 
any suigcon Texas evci had 

Though a medical school had existed in Galveston since 1866, it was in 
1891 that the Univeisity of Texas established a Medical Depaitment This 
was one yeai befoie Johns liopkins Medical School w'as opened A serious 
cffoit was made to secuie an able faculty and foi tune smiled upon the effort, 
foi among the small gioup of teacheis wTie four youngsteis, 28 to 30 years 
of age, w'ho became piofessois of impoitant subjects, and wdio w^eie truly the 
foui hoi semen of Texas Medical education With little to begin wuth except 
youth, enthusiasm and biilhant minds, they soon developed an efficient teach- 
ing institution wdiich filled a ciying need — for cjuahfied doctoi s w'eie scaice 
m the lapidly developing coiinti}^ 

Di Allen J Smith, a giaduate of the Univeisity of Pennsylvania, w'as 
selected as Piofessoi of Pathology and Dean of the new school In 1895, he 
discoveied the ova of the hookwoim and Inecl to see the inestimable benefits 
acciuing theiefiom to oui Southein states 

Di Echvard Randall w^as Piofcssoi of Theiapeutics He w^as a Texan and 
was educated at Washington and Lee, and w'as giaduated in Medicine from 
the Univeisity of Pennsylvania Tw'o yeais w^eie spent in study at \henna, 
Bcihn and Pans He ictiied from the facult}'- aftei 40 jears and since tint 
time has been a mcmbei of the Boaid of Regents of the University of Texas 
He w^as not only the peifect jihysician but foi the 49 years of the school’s 
existence his wuse guiding hand has evei been at the contiols 

The thud membei of the gioup w^as Dr William Keillei, bom m Mid- 
lothian, Scotland, and a giaduate of Edmbuigh, becoming a lectuiei in 
anatomy in that institution He w'as later made a Fellow^ of the Royal Col- 
lege of Suigeons Beginning wuth no erjupiment he developed one of the 
gieatest anatomic teaching laboi atones in Ameiica He piacticed surgery 
foi cjuite a wdiile but his soul w^as m anatomy, and for 40 yeais nothing could 
diveit his inteiest He wuote many theses on specialued anatomic subjects 
and published, in 1927, his book, Neive Tiacts of the Biam and Coid, wdiicli 
is consideied a classic He contiibuted 2,000 of his owm anatomic diaw'ings 
to the Anatomical Museum, wdiich aie invaluable aids in teaching 

The last name upon this loll of honoi is that of Di James E Thompson, 
a foimei Piesident of the Southein Suigical Association My close associa- 
tion wuth him as a student, and foi 17 yeais as an associate in teaching, gives 
me the piivilege of making moie extensive comments, and I am stiie because 
of his gieat life and enthusiasm foi the Southern Surgical Association you 
wull be sympathetic and foi give me if I say too much 

He was boin m Nonvich, England His studies in suigeiy w^eie com- 
pleted m the clinics and hospitals of ^henna and Pans He filled the Chan of 
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Suigeiy in the Univei sity of Texas for 36 } eais He was a tello\\ of the Ro\al 
College of Smgeons and a membei of the Ameiicaii Suigical Association 
As an anatomist, embiyologist, pathologist, teachei and skilled suigeon 
he had no superiois and fe\\ equals Especially notable was his woik on The 
Suigical Appioach to the Bones of the Extremities, ^^hlch ^^as lepnnted b\ 
the Ej lilted States Aimy foi distiibution to American suigeons duimg the 
Woild War His ai tides upon cleft palate and haiehp are classics m the 
liteiatuie of those subjects to-da) 

He was a most interesting talkei and his mind was a storehouse of knowl- 
edge evei open to his students, his assistants and colleagues seeking infoima- 
tion pel taming to surgeiy m all its phases He piobably contiibuted his 
gieatest good in the advancement of suigeiy in Texas and the Southwest He 
w^as evei pioud of the Southern Suigical Association and letained the highest 
admiiation foi its membei s, both collectively and individually 

I wish to acknowledge niy dependence upon the following books foi the stor\ I 
have drawni extensively fioni them, taking the hbeit} of quoting freelv without giMiig 
direct reference to the authority This is no doubt quite unpardonable I am particu- 
larly appieciative of the assistance of my friend, Dr Pat I Nixon, from whose writings 
I have gotten valuable historic information Also, I appreciate the prnilege of leproduc- 
ing Indian pictures from the Remington collection of Miss Ima and AIi Alichael Flogg 
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THE PRESENT STATUS OF THE “RADICAL OPERATION” 
FOR CARCINOMA OF THE BREAST^* 


Babnei Brooks, M D , and Rollin A Daniel, Jr , M D 

Na8H\IL1.E, TE^N 

IKOM Tlir DFI \nTMLNT Ol SURCf lU \ANDrnniIT TTMVFnSITl SCHOOI OF AILDICINF, ^ASII\JLLE TLVS 

There has aiisen, paiticulaily dunng the past lo yeais, a difference of 
opinion as to the effectiveness of the operative tieatment foi caicinoma of the 
hi cast Objections to tlie loutine employment of the “Halsted opeiation” 
liave come fiom i epi esentatives of siiigical clinics so influential that they 
cannot he disregarded It has been stated that removal of the primary tumor 
with only a poition of the mammaiy gland gives as good results as the 
“ladical opeiation ” It has also been stated that tieatment by ladiation alone 
lesults m suivival periods equal to those obseived aftei the Halsted opera- 
tion Mitchinei , Bailey and Pi ice^ have recently anal3^zed the results of all of 
the operations foi carcinoma of the bieast in St Thomas’s Hospital (London) 
peifoimed dining a peiiod of 20 yeais Appioximately one-fourth of these 
opeiations weie limited to local excision of the primary tumor After 
comparing the icsults obtained horn the emplojinent of the “Halsted” opera- 
tion and the most conservative operations, these authors made the following 
statement 

“As a lesult of 20 yeais’ figuies on the cases of caicinoma of the bieast 
opeiated upon m tins hospital, it has been found that the mortality is prac- 
tically the same whether the Halsted opeiation or the more conseivative 
removal of the bieast has been peifoimed It is urged m this article that the 
conseivative and much less mutilating operation should be much more gen- 
eially adopted in all cases of caicinoma of the breast ” 

During the 1937 meeting of the Ameiican Surgical Association, Geoffiey 
Keynes- piesented the results he had obtained b}'^ the tieatment of carcinoma 
of the bieast by inteistitial ladiation The survival peiiods of this series of 
cases compared favoiably with any previous leport of the lesults obtained 
by opeiation Keynes’ opinion of the effectiveness of the loutine employ- 
ment of the ladical opeiation is piesumably emphasized in his following 
lecominendations, which I believe aie contiaij' to tbe opinions geneially held 
by Ameiican suigeons 

( 1) Local lemoval of the tuinoi if it is laige, 01 the diagnosis is uncertain, 
followed by ladium 

(2) Local lemoval of the bieast if the tiimoi is veiy bulky, followed by 
1 adium 

(3) Nevei dissect the axilla 

(4) Radium by itself may be used (a) If the tuinoi is of model ate size 

and the diagnosis ceitain, (b) if the patient l efuses operation 

*Read befoie the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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The possibility of dififerent results being obtained by the American and the 
English suigeons from the employment of the Halsted opeiation, because of 
the existence of diffeient ideas in the two countiies of the technic of the opeia- 
tion, IS suggested by a recent publication of Ogilvie From his obseivatioiis 
of the methods employed in seveial Ameiican suigical clinics, Ogilvie pointed 
out ceitain differences m Ameiican and English suigery and paiticularly 
emphasized the different technics employed in the radical opeiation foi caici- 
noma of the bieast by making the following statement 

“I watched several dyed-in-the-wool Halstedians peifoiming the ladical 
amputation of the breast, and I felt that heie the knife ideal, earned to its 
extieme, is the ‘letter that killeth ’ A dissection of the axilla with a knife 
IS distressing to watch, the suigeon takes moie than an houi to do part of the 
operation foi which we should need ten minutes ” 

Ogilvie apparently believed that the sole purpose of the Ameiican Hal- 
stedian opeiation in the employment of the painstaking and time-consuming 
technic m the lemoval of the axillaiy contents uas to secuie the most perfect 
healing of the wound The idea that the particulai technic employed might 
mciease the chance of complete removal of the disease was appaiently not 
appreciated 

Besides the gieat diffeience in the technic employed by Mi Ogilvie’s 
“dyed-m-the-wool Halstedians” and those suigeons performing one-fouith of 
the opeiations in St Thomas’s Hospital, there also exist varying degiees of 
lessei diffeiences in technic employed by suigeons pei forming the opeiations 
consideied as standard m one countiy or even in one hospital The ladical 
operation for carcinoma of the breast is founded on a principle which makes 
it obhgatoiy to assume that even a small diffeience in the technic uould fie- 
quently pioduce a total diffeience in the lesult obtained Any lepoit, there- 
fore, of the results obtained fioni the employment of any opeiative piocedure 
foi the cuie of carcinoma of the bieast, to be of value, must be based on ex- 
pel lence 111 which theie is in each individual case no doubt of the leality of 
the disease, a caieful study of its demonstrable extent and the employment 
of a unifoim opeiative technic The purpose of this paper is to call attention 
to the fact that the value of opeiative treatment of the breast is now being 
questioned without sufficient analysis of the varying technics employed, and 
to lepoit the results in a senes of cases having the same operation and one 
which we believe conforms to the basic principles of the radical operation 

The ladical operation foi caicmoma of the breast may be dehned as an 
opeiative procedure which, with due regaid to opeiative mortality and perma- 
nent mutilation, removes in one mass all of the structures which aie liable to 
immediate invasion by tumor Operative mortality and permanent mutila- 
tions aie important in detei mining the desirability of performing operations 
so extensive as to include a part of the chest wall or even a shoulder girdle, 
but diffeiences of opinion or differences in appreciation of the importance of 
lenioval of structures liable to immediate ln^aslon b} the tumor are for the 
most part responsible for variations in the technic of the radical or Halsted 
opeiation as usually understood 
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The impoitance of the phrase “one piece” in the definition of the radical 
opeiation for caicinoma of the bieast cannot l)e overemphasized In other 
woids, the pill pose of the opeiation is not the excision of the breast, pectoral 
muscle and axillaiy contents, but the extirpation of a single block of tissue 
so laige as to include not only these striictiiies, but all of the mteivening and 
as much as possible of the surrounding tissues The failure to appreciate this 
pnnciple lesults, even where very extensive operations are performed, in 
piece-meal removal, oi the sepaiation of structuies by teaiing, thus leaving 
behind stiuctures liable to be invaded by tumoi 

The idea of wide cn bloc excision of structures for the cure of carcinoma 
of the breast is founded on a conception of the mechanics of the legional 
spi ead of the primary tumor This operative procedure assumes that at least 
in the structuies which it is possible to extirpate m one mass, the tumor 
spieads from the original focus by continuous permeation m all directions, and 
that theie is presumably a continuity of tumor between the primary giow’th 
and a cii cumfei ence w^ell outside the limits of visible tumor tissue It is 
recognized that the rate of spread is different in different directions because 
of the ease of peimeation m the dnection of the course of many large lymph 
channels or the resistance of thick sheets of fascia not penetiated by lymphatic 
channels 

Regal dless of the coi redness of this theory, it, nevertheless, remains true 
that the radical opeiation for carcinoma of the breast as previously defined 
cannot be justified on any other theoiy of the mechanism of the spread of 
cancel originating m the mammary gland 

Ml Charles Mooie,'^ m 1867, made the fiist cleai-cut statement of the 
fundamental principles and puipose of the opeiation intended for the cure of 
carcinoma of the mammary gland Fiom obseivations of local lecurrence 
aftei opeiations for cancel of the bieast, Moore called attention to the fre- 
quency wuth wdiich inadequate operation w'as performed and makes the fol- 
lowing significant statements 

( 1 ) Recui 1 ence of cancel of the breast is due to a local condition not be- 
longing to stiuctuies out of continuity with the fiist tumoi 

(2) Centiifugal dispeision determines the lecuiience of cancer 

(3) Cancer of the bieast requires the caieful extirpation of the entire 
01 gan 

(4) Besides the breast, unsound adjoining stiuctures, especially the skin, 
should be lemoved m the same mass with the principal disease 

At the time these statements were made by Moore, the point at issue w'as 
wdiethei secondaiy implantations of cancer of the breast were extensions from 
a single focus of origin or whether they represented other manifestations of 
geneial systemic disease (cancel diathesis) Aftei it w^as no longer a ques- 
tion of cancer oiiginatmg at a single focus, Handley ariived at almost exactly 
the same conclusion from a study of the lelative importance of the two methods 
of extension of the malignant disease, 1 e , by permeation or by embolism It 
IS interesting to note that there is no difference in the foundation foi the 
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radical operation foi carcinoma of the bicast because of the change of con- 
cept fiom that at the time of }^Iooie to that at the time of Handle) It is also 
\\oith while to point out that m view of the conditions undei which surgei) 
w'as performed during the time of IMooie, his iccommendations met all of the 
requiiements of the pievious definition for ladical opeiation foi caicmoma 
of the breast 

Aftei the institution of aseptic methods, suigeons not only began the em- 
ployment of new opeiative piocedures, but weie also able to extend the limits 
of opeiations long previously undei taken Thus in operations foi caicmoma 
of the breast, Volkmann, Gioss, Haidenhain, Kuster and otheis extended the 
opeiation to include the removal of the major pectoial muscle and axillau 
Ijmiph nodes until the appioximate limits of the piesent day opeiation weie 
leadied by Halsted*’’ and Willy IMejei, in 1894 The lemaikable similaiily 
ill technic of these tw^o suigeons and 11101 c ]iai ticulai ly the phiases einplojcd 
111 the statement of fundamental principles nivoh ed even to the use of italics, 
IS definite evidence of theie being a common source of the ideas expiessed in 
these tw'o almost simultaneous publications The laiger expeiience of lialstcd 
at the time of his publication, and paiticulaily the continued inteicst on the 
pait of Halsted foi man) jeais pievious and subsequent to the appeal ance of 
his dcsciiption justly entitle him to gieat ciedit foi the development of the 
method which has until compaiatueh lecently. been considered thioughout 
the woild as the standaid tieatment foi the cine of cancel of the bieast 

In a paper entitled “The Blood Clot in the Management of Dead Spaces in 
the Tieatment of Wounds” Halsted,’ in 1890, lefeis to 13 instances m which 
opeiations weie peifoimed foi caicmoma of the breast The hospital num- 
bers of these cases aie lecoided and in one instance. No 3S1, the clinical his- 
toiy and the technic of the opeiation aie as follow's 

Wc*ilth\ Arison npe 47 wt*; ndniitted to the hospital March 50 iSgo About out stir 
the patient noticed a lump no larj,,cr th m a pta just external to the left nipple The lump h is 
fjradualh increased in sire and is now about as larpe as a hen s 1 he a\inar\ mwleh are large 

enough to be felt 

Otetaiwu — March cr, 1S90 The knife uas introduced at a point from 3 to 5 cm btkm tlu 

middle of the cHmcIc and drauir outwards on to and down the arm to a point a bttk below the 

insertion of the pcctoralis major muscle The knife was then reintroduced at the starting point and 
the tumor circumscnhed h\ a, skin incision which ga\e the di'^cased tissues at e\tr% point n wide 
berth — a berth of at least 5 cm Each bleeding point as it presented itsdf was caught at once !>> m 
artcr\ clamp Ihe tumor the entire breast and all of the hcalthv tissues which had been cir 
cumsenbed b\ the skin incision were removed in one piece from within outwards In cutting and 
tearing, from the ribs and from the fascia which covers the greater pectoral muscle The tn mgul ir 
skin dap was dissected back to its base fhe loose fascia which stretches from the lower border of 
the free edge of the pcctornhs major muscle to the chest wall was torn through with the fingers 
the major muscle was raised up from the chest wall and from the pcctoralis minor muscle and cut 
awa\ clove to its trunk attachments and at aliout 5 cm from its insertion into the hunurus Ihe 
pectorahs minor muscle was divided transverscU at about its middle and driwn upw irds so as to 
completcK expose the extreme apex of the axilla under the clavicle The loose cellular tissue about 
the first portion of the axtlhrv vein was dissected awav with the fingers so as to clearh expose the 

axilhiv vein Starting from this |>mnt the tissues were dissected clean trom the axilhrv vesstK md 

nerves down ilmost to the lower limit of the skin incision on the arm (Joing b ick again to the apex of 
the axilh tht axilhrv contents and with them all the cellular tissue ind fat which covers the front ind 
vide of the txpostd chest wall were disvtclcd oil clean trom the ribs The somewhat wed^c shaped con 
tents ot the axilh were thus removed lu one piece f^om the apex to the have nr fiwr ot the axilh The 
door of the axilla had alreadv l>ccn refiected in the triangular s^u fiaji The list cutting act of the 
operation therefore was to dis.cct the b isc of the wedge shaped contents ot the axilla trom the re 
dected tmnguhr dap ot skin 
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In 1894, Halsted® published a paper containing a desciiption of the technic 
of an opeiation which he states had been employed in 50 cases from January, 
1889, to Januaiy, 1894 This technic he calls his complete operation, although 
it did not include removal of the pectorahs minoi muscle 

This papei also contains biief abstracts of tlie clinical histones of the 50 
cases, in each of which the hospital number and date of operation are given 
In one instance. Case i. Surgical Number 12, there is a description of the 
operators technic m which, because of an abscess in the axilla, the breast and 
pectoral muscles and the axillaiy contents were removed at separate operations 
In 1898,’’' Halsted stated that the operation he was employing was more 
ladical than at the time of his hist publication, because he was removing the 
supiaclaviculai lymph nodes In 1907, he® lecommended extension of the 
operation m some cases to include the 1 emoval of a part of the chest wall In 
1921, in Doctor Halsted’s'’ last paper dealing with the operative treatment of 
cancel of the bieast, he adds emphasis, by the use of italics, to the following 
statement concerning the ladical opeiation 

“The initial account of the opeiation foi cancel of the bieast which beais 
iny name lies bin led m the second volume of the Reports of the Johns Hopkins 
Hospital undei the title ‘The Tieatment of Wounds with Especial Reference 
to the Value of the Blood Clot in the Management of Dead Spaces ’ ” 

Fiom these quotations it is clear that although all of those who weie 
foitunate enough to be associated with Doctor Halsted wdiile he w^as per- 
foimmg opeiations foi the cuie of carcinoma of the bieast have an indelible 
pictiue of a Halstedian operation, others, because of the continuously changing 
technic and even conflicting statements in the published accounts, w'ould 
probably obtain quite diffeient ideas of the Halsted opeiation For example, 
it IS stiange that the desciiption of his opeiative technic m 1894 should have 
omitted the 1 emoval of the pectoiahs minoi muscle when the case recoids show 
he w^as occasionally lemovmg this muscle as eaily as 1892 

It IS also difiicult to undei stand wdiy Doctoi Halsted should, in 1921, refei 
to the desciiption of the bieast opeiation in his paper of 1890 as the fiist 
account of his opeiation, wdien this opeiation so obviousl}' violated the piinci- 
ples emphasized by him in 1894, and paiticulaily because he, m 1894, ap- 
paiently did not considei this case as having had his complete operation 
These discordant facts aie not 1 elated foi any othei puiiDOse than to call 
attention to the fact that theie is no such thing as a radical opeiation foi 
carcinoma of the bieast as theie is a Bilhoth II for carcinoma of the stomach, 
and that even Doctoi Halsted w^as somewdiat confused as to what constituted 
the opeiation beaiing his own name 

Dining the present yeai, w'^e have been able to determine the present condi- 
tion of eveiy patient admitted to the Vandeibilt University Hospital wnth 
carcinoma of the bieast dining the past 14 yeais In most of the patients 
who weie tieated by ladical opeiation, the same technic, both as legards 
amount of tissue removed and the manner of its removal, has been employed 
One hundred foity-nme ladical operations have been pei formed, with one 
death fiom wound infection At piesent (i 939 )> 7 ^ cases, having had the 
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same opeiative technic, have been operated upon for peiiods longer than five 
greats In all these cases theie is no doubt of the coirectness of the diagnosis 
and all of the specimens lemoved have been studied caiefull}^ as to the type 
of tumoi and particulaily as to the extent of the disease Ten othei cases 
operated upon foi moie than five yeais aie not included because of some doubt 
as to the diagnosis or the authois’ not being sure of the exact operative technic 
employed 

The opeiative technic employed is biiefly as follows 

(1) The fiist step m the opeiation is to make a cnculai maik on the chest 
wall to include the skin to be lemoved The size of the cncle vanes according 
to the pioximity of the tumoi to the skin, but is only in exceptional instances 
small enough to pei mit closure of the wound without skin gi afting Aftei the 
cncle has been marked oft, the actual incision employed has vaiied in con- 
figuiation but was always outside the circulai maik Most frequently, this 
incision has been similar to that pioposed by Rodman and modified by 
Greenough 

(2) The skin with very little subcutaneous tissue is laised fioni the entiie 
axilla, delWid legioii, and the chest wail fiom the medial aspect of the mam- 
mal y gland to the opposite side of the sternum and slightly above the clavicle 

(3) The subcutaneous tissue and fascia are then incised from the anterior 
margin of the latissimus dorsi muscle, around the axilla, along the cephalic 
vein, and the infeiior margin of the clavicle 

(4) The above incision is continued in depth until the insertions of the 
pectoral muscles are divided and the clavicular portion of the pectorahs majoi 
muscle IS divided along the inferioi maigm of the clavicle 

(5) The axillary contents aie sepaiated from the vessels and nerves by 
sharp knife division in a plane acioss the axilla at the inferior border of the 
axillaiy vein All branches of the vessels and nerves are divided at the level 
of the inferior maigm of the vein No attempt is made to dissect stiuctures 
at a higher level The incision is extended thi ough the axilla to its posterior 
M all and thence to the chest wall 

(6) The lateral skin flap is then elevated to a line lateial to the antenoi 
margin of the latissimus dorsi muscle, the costal margin and the xiphoid process 

(7) The subcutaneous tissue and fascia aie then divided down to the chest 
wall, beginning at the posteiior axilla, along the anteiior maigm of the 
latissimus, across to the xiphoid process, and finally to the sternoclavicular 
joint 

(8) Ths completes the dwiswn of the mmgms of the block of tustte to be 
excised 

(9) The entire mass is then cut away from the chest wall with the least 
amount of traction and teaimg 

In patients subjected to radical operations we believe the extent of the 
disease as determined at operation oi from subsequent study of the gross 
specimen is far moie important m prognosis than any classification of tumors 
according to grades of malignancy This series of patients is, therefore, 
divided into three groups ’ 
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Gioup I No clemoiistiable cancel outside the mammary gland at opera- 
tion 01 fiom subsequent gioss and micioscopic examination of the tissues 
1 emovcd 

Gioup II No cancel obscivcd dm mg the couise of opeiation but cancel 
latci demonstiated m mfeiioi axillaiy lymph nodes by microscopic study 
Gioup III Cancerous nodes seen in the axilla oi neai the chest wall at 
the time of opeiation 

In all cases placed in Gioup III the operative note contained a specific 
statement that cancel ous tissue was seen dm mg the opeiation In most of 
the cases included m (jioup II the opeiative note made a specific statement 
that no enlaiged lyinjih nodes weie seen A few instances in which the 
opeiative note contained no statement bearing on this point weie placed in 
Gioup II Gioup I contains the cases in which micioscopic examination of 
mimeioiis axillaiy lymph nodes show'ed no tumor 

The lesiilts ohtained fiom the employment of the opeiative technic pre- 
\ lously desci ibed in 72 cases, all of wdiom have been operated upon foi more 
than five ycais, aie showm m Tables I, II, and III 

lAllLL I 

PATIIOI OGIC Cl ASSir ICATION 

Per Cent Pei Cent 





Living 


Dead 

Cured 

Now 


Num- 

Livinj^ 

with 

Dead 

of 

5 Yeais 

Living 


ber of 

and 

Rccui - 

Recur- 

Other 

or 

and 


Cases 

Well 

rcnce 

lence 

Causes 

Longer 

Well 

Group I 

12 

II 

0 

I 

0 

91 6 

91 6 

Group II 

29 

10 

2 

17 

0 

34 5 

34 5 

Group III 

31 

4 

I 

25 

I 

16 I 

12 9 

1 otal 

72 

25 

3 

43 

I 

36 1 

34 7 


Fiom Table I it appeals that the opeiative piocedme employed in this 
senes of cases can be expected to cuie 90 pei cent of cases of cancer of the 
hi east if theie is no demonstiable tumoi outside the mammary gland, but 
It IS also tiue that theie is no evidence contiary to the conclusion that equally 
good lesults in these partictilai cases could not have heen obtained by much 
moie conseivative means In fact one of the patients not included in this 
lepoit IS well II years aftei a simple mastectomy, because a severe infection 
pi evented ladical lemoval 

Table II 

Interstitial Radical Mastectomy 

Radiation (Vanderbilt University 



(Keynes) 


Hospital) 




5- Year 


Living 

5-year 


Number 

Survival 

Number 

and Well 

Survival 

Pathologic Classification 

of Cases 

Rate 

of Cases 

5 Years 

Rate 

Carcinoma without axillarv 






metastases 

75 

71 4% 

12 

ir 

91 6% 

Carcinoma with axillary 





26 7% 

metastases 

66 

29 3% 

60 

r6 
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In spite of the fact that only one-thii d of all the patients with metastases to 
the lymph nodes nearest the mammary gland were appaiently cuied by opera- 
tive tieatment, the lesults obtained in this gioup are after all the piincipal 
suppoit of the value of ladical opeiative tieatment These patients could 
not have been cuied of the disease by a simple mastectomy and all of my ex- 
pel lence has been contiaiy to the view that as good suivival peiiods could 
have been obtained by the employment only of conseivative opeiations 


Ta.blc III 


Numbei of 
Years Followed 

I 

Groups 

II 

III 

Total 
Number of 
Patients 

Numbei 
Now Living 
and Well 

Pel Cent 
Now Liviii! 
and Well 

13 

0 

5 

4 

9 

3 

33 3 

12 

0 

2 

I 

12 

4 

33 3 

II 

I 

2 

2 

17 

6 

29 4 

10 

2 

I 

3 

23 

9 

39 I 

9 

2 

3 

4 

32 

12 

37 5 

8 

I 

2 

3 

38 

13 

34 2 

7 

0 

6 

6 

50 

16 

32 0 

6 

4 

3 

3 

60 

23 

38 3 

5 

2 

5 

5 

72 

25 

34 7 


The distiessmgly poor lesults obtained aftei operations m which can- 
cerous tissue appears m the opeiative wound, paiticulaily because this gioup 
IS largest m numbei, although constituting most of the evidence against the 
efficacy of the operative tieatment, is the stiongest evidence foi the asseition 
that, if opeiative tieatment is to he undei taken, it should confoim, m gieatest 
degiee possible with the fundamental pimciples on which this tieatment is 
based, and emphasizes the appaient necessity of any cuiative opeiation having 
to extend well outside the limits of visible tumoi If, howevei, this large 
gioup, found almost hopeless at operation, is added to the one-third of all 
breast cancels found hopeless befoie opeiation, it bungs into bold relief the 
smallness of the accomplishment of the ladical opeiative treatment of cancer 
of the breast, and the impoi tance of detei mining the i elative usefulness not only 
of each of the widely vaiying opeiative technics, hut also of other methods 
moie lecently discovered 
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Discussion —Dr Roy D McClure (Detroit, Mich ) There are a few 
of us here to-day (James Mitchell, George Heuei, Wilhs Gatch and myself 
[Doctor Biooks himself was there foi a time]) who spent many years with 
Doctor Halsted, serving as Assistant Residents and Residents One thing 
we can say is that many who to-day claim to be performing the Halsted 
hi east amputation aie not carrying out the Halsted procedure as he himself 
peifoimed it He took perhaps three houis oi more, and few to-day would 
think of devoting thiee hours to the operation Halsted may have been a 
slow opeiator, but he was moving every minute of the time, and I can assure 
you that the assistants had to be alertly on tbeii toes 

My mam criticism to-day is that some wbo claim to peiform the Halsted 
amputation take so little skin that they are able to close the defect without a 
skin giaft When I was Halsted’s Resident, we removed a liberal margin 
of tbe skin and nevei woriied about how large a graft was to be used All 
the Residents of that time acquired great skill in removing large sheets of 
intact skin from the thigh To-day, with the instruments available, almost 
an)^one can easily take such skin grafts, so that now perhaps surgeons will 
not be so loath to undertake large areas of skin removal Doctor Halsted 
spent much time on the axilla, and it was time well spent The vessels and 
nerves ueie clean when he finished with them There weie no nodes and 
no node-beaiing tissue left Even before this Society I have heard described 
as tbe Halsted operation a pioceduie which was not the Halsted operation 
as I learned it directly fiom him Those who are familiar with his work 
know that his patients did not suffer an)’’ shock, and I believe his results 
have nevei been sui passed even though Sampson Handle3^’s work in the 
lymphatics and the mannei of spread of cancer of the breast ma}^ be ques- 
tioned Halsted did his radical opeiation long befoie Sampson Handley’s 
l3miphatic work was brought to our attention , I believe it was conceived from 
his stud3’’ of actual recurrence areas and actual metastatic aieas It was based, 
then, on an actual stud3’’ of such patients and not on a theoretic stud3’^ of pos- 
sible line of spread through the lymphatics 

Last yeai, Di Arthur McGraw and I lepoited briefl3'' our results before 
the Society of Neoplastic Diseases Our results showed that half our own 
cases had received adequate irradiation b3'- deep roentgenotherapy This 
treatment had no effect on the end-iesults I hope that Doctor Brooks’ com- 
munication will not tuin you too much fiom the radical t3^pe of operation 
Dr Charles Lund (Boston, Mass ) First, I must tell you wdiat an 
honoi and pleasuie it is to be asked to come beie to this meeting and to be 
allow^ed to join m the discussion We have a long senes of studies of cancer 
of the breast, started by J Collins Wan en and continued by R B Greenough 
and otbeis in Boston We would agiee, loo per cent, with the conclusions of 
the two papeis presented, and we believe fulty in radical operation for operable 
cases I am not going to enumerate all oui ideas First, there should be 
elimination from suigical treatment of mopeiable cases, cases w^heie there is 
fixation to the chest w^all, oi with metastases be3fond the axilla All cases 
get a 1 oentgenologic examination of the chest, spine, pelvis and skull to find 
if theie aie evident metastases in the lungs or bones If there is any great 
edema of the bieast or skin metastases, the cases are also mopeiable We 
get about the same results that Doctoi Brooks reports We have some sta- 
tistics which I think should be inteiesting to anybody consideiing the subject 
of simple mastectomy versus ladical mastectomy as a comparison of pre- 
operative estimations of malignancy of the nodes, woth w^hat w^as found 

If you take lOO cases in which a good suigeon saj'^s, after examination, 
that the axillary nodes are positive and then look at the pathologic findings 
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following a ladical lemoval, you will find, nine times out of ten, that he was 
right Occasionally, theie are enlaiged nodes that are not positive But if 
you take his estimation, when he says the nodes are not palpable and aie not 
involved, we find he is wrong 40 pei cent of the time If such nodes are not 
removed, we do not believe any postopei ative 1 oentgeiiotherapy will control 
them foi any length of time We base this on hundreds of cases studied at the 
Massachusetts Geneial and the Collis B Huntington Memoiial Hospitals 

As to iiiadiation of the ovaries in cancer of the bieast, we had a similar 
case some 3^eais ago in which Dr G W Taylor leported the findings With 
us, this pioceduie is apparently dying out We are not getting the results we 
hoped for and aie giving it up We aie not using postopei ative irradiation 
as Doctoi Trout does We are using 11101 e than we weie a few years ago 
We foinieily believed it was uninipoitant in all cases and we gave it only if 
tlieie weie lecuiieiices We have changed that to some extent The patholo- 
gist now gives us a lepoit of carcinoma of the bieast of such and such a 
giade, with so many nodes involved, and if there is no involvement of the 
axillary nodes or only one or two aie involved, we give no postopei ative 
tieatment unless lecuirence takes place However, if many, or most, of the 
nodes are involved or if the tumoi is highly malignant, we do give postopera- 
tive ti eatment at once without waiting foi metastases to become evident 

Dr Rollin a Daniel, Jr (Nashville, Tenn ) I Avould like to present, 
very briefly, some additional data conceimng the gioup of patients which 
Doctor Brooks piesented The 72 cases reviewed are included in a total of 
120 patients seen at the Vandeibilt Umveisity Hospital, duiing that period 
of time Since only 12 of these patients fall into Gioup I, I think it is fan 
to say that only 10 per cent of the patients with carcinoma of the breast 
who piesented themselves foi tieatment could have been cuied by simple 
mastectomy, or by any operative procedure less radical than the operation 
described by Doctor Biooks 

Table I reviews briefly the 1 oentgeiiotherapy employed in the 72 cases 
reviewed m the text of Doctor Brooks’ paper Roentgenotherapy was not 
admmisteied preoperatively m any case in this group, and this table does 
not considei patients vho were treated after lecuiiences were found In all 
instances, from one to fom large doses of 11 radiation weie administered, which 
were measured on a basis of skm-ei ythema dosage, and in no case was care- 
fully measuied, proti acted iiiadiation, as it is used now, employed 

Table I 


PERCENTAGE OF CASES IRRADIATED AND RESULTS 


Total 

Number 

of 

Cases 

Given roentgeno- 
therapy 19 

Not given roent- 
genotherapy^ 53 


Number 

Per Cent 


Living 

Living 


and 

and 


Well 

Well 

Groups 

I 

6 

31 6 

II 

III 

I 

19 

35 8 

II 

III 



Number 

Per Cent 

Number 

Living 

Living 

of 

and 

and 

Cases 

Well 

Well 

3 

2 

66 6 

7 

3 

42 8 

9 

I 

II I 

10 

10 

100 0 

21 

6 

28 5 

22 

3 

13 6 


Table II is based on data obtained fiom patients’ histones The similaritv 
in the last two groups is striking It is also interesting that the number of 
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patients consideied hopelessly fai advanced, when fiist seen, is larger than 
the gioup of jjatients who have remained well for periods of time exceeding 
five yeais ^ 


Table II 

AVI KAOL DURATION 01 I IFE AETER TUMOR MAS FIRST NOTICED BY PATIENT 

26 iiatienls cured 5 years 01 more after radical mastectomy 9 years, i month (all living 
nou but one) 

41 patients having rccuirence within 5 years after radical mastectomy 3 years, 5 months 
38 patients considered inoperable when first seen 3 years, 3!^ months 

Du \\ ALLER O Bullock (Lexington, Ky ) I Yvoiild like to discuss one 
point in Doctoi Tioiits papei and say that, in 11 radiation of the pelvic stiuc- 
tiiics, paiticulaily the owuies, to pi event mvoh^einent of the opposite bieast. 
It YYOtild seem that simple mastectomy of the opposite breast m a young 
woman is much less mutilating to hei peisonahty than a procedure which 
suppi esses mensti nation 

Du James F kfiTcriELL (Washington, DC) I avould like to add a 
woicl to Yvhat Doctoi McCluie has said I Moiked avitli Doctoi Halsted for 
ten yeais, fiom 1893 to 1903, and dm mg that time he Mas developing his 
breast opeiation, adding a little moie each yeai, and his opeiation, as Doctor 
McClure said, Yvas long and tedious Bloodgood cai ried the operation further, 
and aftei Halsted had finished, Bloodgood would go on I think Folks made 
the best comment J-Ie said tvo men ought to perfoim eveiy breast opera- 
tion , and the best thing was that they should be bitter enemies The first 
man should peifoim the opeiation and leave the second man to close the 
defect There yvouIcI be plenty of exposiiie for him to make We are all 
coming back to Halsted’s teaching m the mattei of breast opeiations and the 
mattei of silk I cvas hi ought up on silk and have ahvays used it, and to 
see men come back to it is a gieat tribute to Halsted s Yvisdom We, yvIio 
had the pleasuie of Yvoikmg Yvith him, knew his meticulous caie in operating 
and m all the things foi which the whole country ocves him a debt of gratitude 

I feel that Doctoi Ti out’s ideas as to the tieatment of caicinoina of the 
breast lepiesent the most thorough and most lational scheme of to-day 

Dr L Wallace Frank (Louisville, Ky ) Theie is one thing which 
was mentioned by Doctor Mitchell that I Yvish to call to your attention, and 
that IS the skin incision Since 1919, I haY^e perfoimed radical mastectoni}' 
foi cancel of the bieast m about 190 cases and m none haY'^e I found it necessary 
to do a skin graft I might also add that m this numbei I can lecall only 
thiee patients Yidio deY'eloped local skin recuiience The frequency of local 
skin lecuiience and of axillaiy lecuirence is in a measuie an index of the 
thoroughness of the opeiatn^e technic We see Y^eiy fcYv recuiiences in the 
nodes m the axilla We do have lecuiiences m the nodes aboY^e the clavicle 
What Yve see most fiequently aie pleuial, lung, liver, and bone metastases 

I do not think that Yve cm c cancer of the bi east , Yve only ai rest the disease 
I liaY^e seen too many patients die 8 10, 12 and even 15 )'eais after operation 
due to a recuiience, 01, rathei, I should say 1 eci udescence of their disease 
Man)f of these patients died as a lesult of bone metastases It goes ivithout 
saying that Yvhen theie is no recuirence in the operatn^e area and the patient 
dies some yeais latei of distant metastases, that these metastases had occurred 
previous to opeiation \^^ly these cancerous deposits should he inactive 
for so long without giving any signs or symptoms, no one can say When 
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we find out what the stimulv\s is that starts these doimant cancel cells to 
again become active we will have gone a long way tow aid finding the cause 
of cancel 

Dr Hugh H Trout (Roanoke, \"a ) In my onginal papei many othei 
points wall be coveied w'hicli aie not contained m the papei lead heie 

Theie is one lathei seiious and usually uniecognized dangei of iiiadia- 
tion If one believes that iiiadiation has any viitue, one is apt to become 
caieless as regaids the extent of thoioughness of the opeiative proceduie 
I say this m spite of the fact that many of us heie were tiained either diiectly 
01 mdiiectly by Doctoi Halsted and are fiim believers m his teachings 

Conceinmg the mopeiable cases We have had ii such cases that w'e 
considered absolutely mopeiable, and tieated them wnth iiiadiation Aftei a 
few months of iiiadiation, six of these cases became wdiat w^e consideied a 
fail operable iisk Thiee of these six cases have lemamed fiee fiom cai- 
cmoma ovei fire yeais following opeiations 

Nodes in the axilla piesent an mteiestmg study Foi example, one node 
m the axilla appaiently offeis a bettei prognosis than many small, shot-like 
nodes Doctoi Ewing is undei the impiession that one laige node demon- 
strates that malignancy has been effectively plugged, and that shot-like nodes 
suggest that the malignancy has pei colated through We have had five cases 
111 wdiich extensive seaich of the axilla show^ed no signs of nodes at the time 
of operation or m the specimen examined aftei opeiation, yet all five of these 
cases died of metastases This experience suggests that, m a ceitam numbei 
of cases, extension occuiied thiough the blood stieam and not through the 
lymphatics 

We have iiiadiated the ovaiies m veiy few'^ 3'oung women, certainly not 
enough to have any definite view's on this subject 

In leply to Doctoi Bullock’s question, I wall state that amputation of the 
lemaming bieast w'ould only be pait of the pictuie, for by ii radiation of the 
ovaiies IS not only hoped that the lemainmg bieast may be spaied but, also, 
that the development of metastases may be pi evented elsew'heie in the body 

Dr Barney Brooks (Nashville, Tenn , in closing) I w'ould like to add 
emphasis to my feeling that the advisability of tieatment of caicinoma of the 
bieast solely by operation is now' being justly questioned Theie aie a great 
many thoughtful surgeons w'ho are definitely of the opinion that this opeiation 
will not be veiy much longei employed This method of tieatment should 
not be condemned on the basis of pool lesults obtained by the employment 
of any opeiative technic w'hich does not conform to the principle on w'hich 
the ladical opeiation is founded Theie is much need at the piesent tune 
fot a very caieful study of the w'hole question of treatment foi caicmoma of the 
mammary gland 
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I cnRTAiALY liope no one will receive the impression — no matter what I 
might say concerning niachation — that I consider that theie is, at piesent, 
any sulistitute foi the ladical opeiation m the treatment of carcinoma of the 
hi east Of couise, much harm can lie done by an improperly executed opeia- 
tion in this disease Also, even moie harm can be done when properly exe- 
cuted opeiations aie perfoimed in badly selected cases In neither of these 
instances should surgeiy be condemned The same rule of fairness should, 
I think, be applied to tbe application of iiiadiation in association with surgery 
in the treatment of carcinoma of the breast The great difteience is, however, 
that surgeiy, aftei many yeais of stud}'-, is now moie oi less standardized in 
its application to the treatment of this disease Such is, certainly, not as yet 
the situation lelative to iiiadiation Assuredl}'', this lack of standardization 
adds to the confusion of detei mining as to what is the correct procedure rela- 
tive to the application of iriadiation to siirger}' in the tieatment of carcinoma 
of the bieast I am even more firmly convinced that improper irradiation 
can, and fiequently does, do more harm than even improperly applied or 
badly executed surgei}'', foi the boundaries of the chest wall and axilla limit 
the field in which surgical mistakes can be made, while no one knows the 
full extent of damage done b}' impiopeily applied iriadiation 

Theie aie many advocates of the iiiadiation treatment in this disease, \vho 
believe the time is near rvhen i oentgenotherapj' and ladium will take the place 
of surgeiy m the treatment of caicnioma of the bieast, somewhat as they 
have done m the treatment of carcinoma of the cervix I peisonally do not 
share this belief, foi I feel the bieast, muscles, nodes, etc, can be more 
thoroughly, more easily, and moie safely leinoved without contamination of 
the opeiative field by the spreading of stia}' cancer cells and, ceitamly, wnth 
a veiy much low'er mortality than the uteius, nodes, c/c, can be completely 
leinoved from the pelvis 

The view'^s I am about to express aie my owm peisonal opinions which are 
based on (i) An mteiested and extended study of the literature, (2) my 
contacts with surgical and radiologic fi lends (both those believing 111 the 
efficacy of 11 radiation as well as those holding “no biief for any of it ) , 
and (3) an intimate and close study of ovei 600 cases of carcinoma of the 
bieast observed foi ovei a quaitei of a century Lastly, and most certainly, 
1113^ opinions are not based on any facts, for facts are unknowm m association 
with irradiation However, I cannot help but believe that physi cal agents, which 

* Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga, December s, 6 , 7, 1939 
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have so levolutionized and improved the tieatment of cancel elsewhere in 
the human body, can and should be of aid in extending the effectiveness of 
the surgical removal of caicmoma of the breast, provided such agents can 
be employed without doing damage to unmvolved tissues 

The effects of ladium and roeiitgenothei apy will have to be considered 
both fiom their i emote as well as their local application 

It has been most inteiestmg to me to watch the changing attitude of the 
medical piofession lelative to whethei pieopeiative iiiadiation, postoperative 
iriadiation, i admin or combination of all thiee should be employed The 
only actual fact that I know definitely concerning irradiation is that the type, 
the time, the frequency, and the i espouse requiie a careful study of each 
individual case, also, that such a study should be made with the close and 
the frequent coopeiation of a group consisting of a surgeon, a radiologist, a 
pathologist, and, whenevei possible, the family physician Also, m oui pait 
of the couiitiy, this group should include the hospital manageis, for it is 
unreasonable to expect coopeiation from the patient and fiom the family 
unless they know, fairly definitely, what the combined cost of then experience 
with this gioup IS to be I am confident we have failed in the past to 
obtain the proper coopeiation from the patient and fiom the family because 
we had not given them complete infoimation concerning their financial obliga- 
tions This IS particularly tiue with families who are too foolish, and too 
proud, to admit then financial situation is not as good as the community 
believes it to be 

Before consideiing any of the combinations of irradiation employed with 
suigeiy, I am film in my opinion that any form or frequency of irradiation 
that produces neciosis oi an extensive destruction of the skin is haimful 
Also, if the iriadiation is so intense as to do damage to the skin, it is reasonable 
to presume malignant invasion will take place more frequently and more 
rapidly than if the protective influences of suriounding tissues had not been 
injured by i oentgenothei apy In other woids, if the ii radiation is too in- 
tense, recuii dices aie apt to occui, and when they do appear the skin will be 
111 no condition to leceive further iriadiation 

Furthermore, I am certain, a tiial dose of ii radiation, whenever possible, 
should be employed to obtain some idea of the skin response of that individual 
patient to ii radiation I will not discuss fuitliei the dosage of irradiation, 
foi this IS not the function of a suigeon 

Of course, the dosage, the character and the type of machine, etc , have 
all changed fiom yeai to year, which, necessaiily, only adds to the confusion 
m trying to make a piopei estimate of relative values with the various 
methods In addition, I am not competent to discuss that which is the distinct 
function of the ladiologist However, w^e have made some geneial observa- 
tions conceinmg the patient’s leaction to niadiation that are interesting 
For example, w^e feel that young wmmen wall be found, as a general rule, 
to have that type of malignancy which is more i adioseiisitive than is found 
in the oldei gioup In other wmrds, histologic Groups 3 and 4 are moie 
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fiequently found in young women than Groups i and 2 Also, the clinical 
indeK IS much highei m the younger gtoup Theoietically, the addition of 
iriadiation to suigeiy should improve the prognosis in this gioup of cases 
even more than it does m the oldei women We feel this has been true in 
oui senes, but, of course, have no way of knowing definitely concerning the 
accuiacy of this obseivation Also, bettei lesults are obtained in the younger 
gioup by giving irradiation at shoitei mteivals than seems advisable or 
necessaiy with oldei women Pei haps this is due to the fact that in an 
actively gi owing malignancy, cell division takes place moie rapidly, and as 
IS w^ell knowm, iiiadialion is more elTective on the immature cells This is 
but one of the many icasons illustiating the necessity of group observation 
111 the piopei tiealmcnt of carcinoma of the breast I feel quite ceitain a 
study of the life cycle of the cancel cell is of much aid in detei mining the 

type, the dosage and the fiequency of 11 radiation necessary to obtain the 

best lesults m any malignancy 

In oui scries, there have heen found moie mopciable cases of caicinoma 
of the bieast m joung women than have been found in women past the 
menopause This is piobably due to the fact that in such cases the giow'th 

of the malignancy is more lapid than it is m the oldei gioup 

It IS OUI geneial plan to Fust, emploj" preoperative iriadiation, second, 
at the time of opeiation to place many small tubes of radium aiound the 
entile opeiative field and undei the skin, and thud, to follow this wuth post- 
opei alive iiiacliatioii In addition to these thiee foims of application of 
11 radiation we ha\e m quite a few' cases, employed ii radiation of the pelvis 
Pei haps it would be of piofit foi us to discuss some of the indications 
and some of the contiamdications foi the employment of pieoperative iriadia- 
tion 111 different t3'])es of cases It is, how'ever our general aim to employ 
all thiee types of iiiadiation in eveiy case possible 

We do not feel that pieopeiative iriadiation is as effectively admmisteied 
in OUI oiganization as we would like it to be We do not seem to be able to 
contiol OUI patients as well as some othei oiganizations wuth wdiich I am 
somewhat famihai With us, oui patients wull not peimit us to take the 
two to thiee w'eeks’ pieopeiative piepaiation that is appaientty required to 
obtain the best lesults Also, some of them fail to return at the appointed 
time — wdien the mass begins to become siuctllei — but dela}' continuation of 
then tieatment until the malignancy has had time to extend bejond the reach 
of suigeiy and 11 radiation Foi this leason, w'C have been employing in some 
cases, doses of loentgcnotheiap)' that lequire only 48 houis of pieopeiative 
inadiation, but, of couise, w'C have no method of estimating the effectiveness 
of this method Howevei, w'c hope, and w'e believe, it is leasonable to piesume 
that cancel cells, aftei exposuie to such iriadiation, are made less active and 
theiefoie, any stiay cancel tissue lemaming in the field of opeiation might 
not be so apt to attach itself to suiiounding tissue 

Pieoperative iiiadiation, w'e feel, is especially indicated in the following 
cases (i) Those patients having palpable nodes in the axilla It is mterest- 
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ing to lecall that where one large single malignant node is found in the axilla, 
the prognosis as regaids metastases is fai bettei than in those cases having 
small, shot-like nodes Many pathologists feel one laige malignant node 
IS a demonstiation of the effectiveness of that paiticulai node to block fuithei 
spread of the malignancy, wheieas the piesence of numeious small, shot-hke 
malignant nodes is an expression of the inability of the lymphatics to suc- 
cessfully limit the extension of the malignancy 

Of course, we have all seen cases of caicmoma of the hi east m which a 
careful microscopic study of the nodes lemoved fiom the axilla showed no 
signs of malignancy and yet these patients soon developed metastases m 
distant parts In such cases the cancer cells are piobably earned to the site 
of the metastases by the blood stieam and not by the lymphatic s}stem 

(2) Those cases m which the malignancy is fixed eithei to the skin 01 to 
the undei lying muscle 

(3) A limited numbei of cases, who, due to senility, cardiac or some such 
general condition, are not able to take a piolonged anesthesia with sufficient 
safety to justify the iisk, can be bi ought, in a few instances, to the stage m 
which the breast can be lemoved undei a local anesthetic, and with both 
physical and mental comfoit to the patient 

(4) Those cases of veiy lapidiy growing malignanc)^ especially if asso- 
ciated with infection 

(5) Those cases associated with piegnancy 

(6) A few appaiently inopeiable cases can be so impioved by pieopeia- 
tive irradiation that a ladical operation can be performed with a fan piospect 
of prolonging life 

(7) In those cases wheie there has been an implant of the caicmoma m 
the tract of an aspiration biopsy needle We have had two such cases, and 
m both of them the biopsy diagnosis was that no malignancy was found, yet 
caicmoma developed light undei the skin at the site of the needle punctuie 
We have never considei ed the punch 01 aspii ation biopsy to be either a safe 01 
an accurate method of making a diagnosis of caicmoma of the hi east 

Radium at the Time of Opeiatwn — VJe use 15 to 20 small needles (3 to 
5 mg each) of radium implanted under the skin at the time of opei ation m 
different localities, giving especial attention to the axilla and the teiiitory 
drained by the internal mammaiy lymphatics, foi these aie the two most 
frequent localities of local recuriences Strings are attached to these needles, 
and they are gradually withdrawn at the lowei end of the incision The 
pull on the stiings is started about 12 hours after completion of the opei ation, 
and they aie then withdrawn about one inch each hour We foimerly em- 
ployed largei doses of ladium in capsules, but obtained some skin neciosis 
as well as two cases of necrosis of the costal caitilage which lequired removal 
of a section of the caitilage AVe feel the small needles are a distinct improve- 
ment Radium is not employed m those cases lequirmg skin grafts We are 
impressed with the fact that, m leceiit yeais, we have been employing skin 
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grafts more frequently as oui incisions are now being made at a far wider 
distance fiom the giowth than they weie a few years pieviously 

The field of opeiation is also flushed out with several quarts of saline 
solution, as hot as can be toleiated by the hand Of course, it is well known 
that even a relative low degiee of heat will kill cancer cells, and it is possible 
the flushing process might also wash out some detached malignant cells 

Geoffrey Keynes reported a senes of cases in which he performed a simple 
mastectomy with absolutely no dissection of the axilla, hut implanted radium 
needles to take caie of the involved lymphatics He stated that there were 
no swollen aims following the implantation of radium in the axilla We 
have never seen any postopei ative swollen arms except in those cases that 
have had some infection m the axilla Halsted and his coworkers demon- 
strated many yeais ago that an infection prevents the regeneration of lymph 
canals 

Keynes also leported a few cases of hiachial nerve neuritis In addition 
to these complications. Ins results did not, m my opinion, justify the continua- 
tion of this practice 

Reports, such as Keynes, help cieate a distinct, and fiequently unrecog- 
nized, danger to the emplo3mient of irradiation in association with surgery — 
the surgeon who believes too stronglj'' in the efficacy of irradiation might 
allow himself to become somewhat careless in the thoioughness of his dis- 
section 

In my opinion, whenever possible, tlie ladical operation should always be 
performed Pieference should not be given to less radical methods purely 
because they might peihaps he attended by a lower operative mortality 
When dealing with cancer, the value of an)’’ method should not he estimated 
entirely by the opeiatn^e mortality rate, but by the effectiveness with which 
lecuri dices and metastases aie pi evented 

Keynes, later, reported a set les of cases treated by interstitial implantation 
of ladium needles In a numbei of these cases he removed the breast after 
about SIX months, following this type of irradiation Examination of these 
specimens of amputated hi easts showed no signs of carcinoma m over 50 
per cent of the cases The microscopic picture suggested an almost complete 
fibrous leplacement of the malignancy In a few cases carcinomatous cells 
encapsulated by fihious tissue weie found Ewing repot ts a somewhat similar 
microscopic picture to exist in the breast follownng preopei ative external 
inadiation 

McKittiick tiled Keynes’ method in a series of cases, and concluded that 
interstitial irradiation w'as not desirable for the following reasons Pain in 
the breast, fixation of the pectoral ridge, and late deformity He also 
considered that the final results did not justify the abandonment of the radical 
operation 

We give postoperative irradiation to all cases and try to start the same 
about ten days after the operation This method also applies to those cases 
having skin grafts Apparently irradiation kills the skin giaft if applied in 
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less than ten da}S of the time of the placing of the giaft ovei the field of 
opei ation 

In the peiiod extending fiom 1909 to 1920, theie weie 152 cases in which 
only the radical operation was perfoimed In this gioup, there were ten 
local recuiiences, and the percentage of three-year (or over) “cuies” Avas 
22 per cent In the peiiod extending from 1920 to 1924, there Avere 80 cases 
m Avhich radium under the skin AA^as added to the ladical operation In this 
gioup there Aveie foui local lecunences, and the percentage of three-year (01 
OA’-ei ) “cures” Avas 30 per cent 

In the period extending fiom 1924 to 1939, there AA'-ere 21 1 cases m Avhich 
ladium and postoperative roentgenotherapy Avere added to the radical opera- 
tion In this group there Aveie eight local lecuirences, and the peicentage of 
three-year (or oA'^ei ) “cuies” Avas 55 per cent 

In the period extending from 1924 to 1939, there Aveie 126 cases m AAdiich 
pie- and postoperative irradiation, as Avell as radium, Avas added to the radical 
operation In this gioup theie AAeie no local recuirences, and the percentage 
of three-yeai (or oa'ci ) “cures” AA'^as 55 per cent 

From a revieiv of these figures, one might conclude that the improvement 
m the percentage of three-yeai (01 ovei) “cures” AA^as due to the addition 
of irradiation to the radical opei ation, but I feel quite confident that this 
improvement is due to education more than any other one factoi Of course, 
it is impossible to accuiatel}’- state hoAv much, if any, irradiation has had to 
do Avith this impi OA'^ement It is, hoAvever, leasonable to piesume if its use 
had decreased the peicentage of local lecurrences it might have pi evented 
some of the metastases AA'-hich may have occuiied HoAvever, the reason I 
state that I think education has had more to do Avith our good results than 
any other one factor is that Ave aie certainly seeing oui cases of carcinoma of 
the breast much earliei than Ave formerly did 

It IS the geneial practice thioughout the countiy to treat local recurrences 
Avith inadiation after such have bccurred, but I am suie it is better, if possible, 
to prevent such local recuriences by the addition of irradiation to radical 
suigei}^ in spite of the fact that absence of local recuriences does not appar- 
ently impiOA^e the percentage of “cures ” 

There have been ii cases m Avhich it AAas impossible to lemove all of 
the malignancy from the chest AAall Radium needles Avere inserted m the 
remaining malignancy and intensive postoperative irradiation administered 
All of these cases soon died from metastases, but in nine of the ii, the malig- 
nancy Avas removed from the chest Avail by the addition of 11 radiation before 
the death of the patient 

We have had five cases from aaIucIi avc haA'-e removed only the breast, 
believing, at the tune of opei ation, that no malignancy Avas present In all 
five cases aac consideied the condition to be a benign tumor associated Avith a 
generalized cystic mastitis, and, therefore, removed the entire breast In 
none of these cases did the frozen sections shoAv carcinoma at the time of 
operation Malignancy A\as discoveied seA'eral Aveeks folloAvmg operation, 
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following an extended study of the permanent sections, and then irradiation 
was adminisleied Foitiumtely, theie has been no letmn of the malignancy 
in any of these five cases Piohahly the malignancy was so early in all five 
of these cases that all that nas necessaiy was the simple amputation How- 
evei, the delayed postopei ative iriadiation did no harm to the patient either 
mentally or physically, and might have done some good 

We weie not able to obtain a single autopsy in any of the cases that died 
of metastases, and, theiefore, do not have any definite kno\\ ledge concerning 
the'piesence of lesidual malignancy in the axilla Noi can ve be absolutely 
jiositive that theie weie no local lecuirences All we can report is that we 
examined all these cases some months, and often years, aftei operation, and 
found no local lecunences in this gioup Then, also, we have repoits in 
eveiy case fiom eithei the family physician, or some member of the family, 
to the effect that no local iccuiiences occuiied either in those cases still living 
01 those cases that died from metastases oi from othei causes We try to 
examine every patient once e\eiy month, for a six-month period, and then 
eveiy thiee months foi five veais 

I feel we can conclude from this experience that piopei iriadiation of the 
chest w'all aids ladical suigeiy only in the prevention of local lecuriences and 
not m the “cuies ” In other words, it is the metastases that kill and not the 
local lecuiience 

We have had some very mteiesting experiences in the employment of 
roenlgenotheiapy foi the lelief of pain associated wuth metastases In the 
majoiity of cases the pain has been leheved, but, as far as w^e can ascertain, 
theie has been no piolongation of life — onl}' the alleviation of pain and some 
mental comfoit, both of which fully justif}' the employment of loentgeno- 
therapy in such cases 

In 1931, Di C H Peteison tieated a case that had extensive metastatic 
involvement of the bon}^ pelvis, associated wnth an inoperable and ulcerating 
caicmoma of the hi east Aftei seveial weeks of iriadiation of the pehns, 
the pain not only subsided in the pelvis, but the malignant ulceration of the 
breast show^ed such maiked impiovement that the skin healed over the ulcer 
and the breast lesion ceased its foul-smelling dischaige Of course, this 
patient w^ent on to hei death, appaiently as if theie had been no improvement 
in the hi east condition This expeiience made us have a natural curiosity 
as to wdiat possible association theie could be betw^een the improvement of 
the breast condition and the iiiadiation of the pelvis About the same time 
w'e weie speculating concerning such a lelationship the radiologists began 
to advocate the iiiadiation of the pelvis, and many advanced the theoiy that 
the beneficial results w'^eie due to the action of the loentgen lays upon the 
ovarian hoimones 

Theie have been many theoiies advanced to explain wdiat does actually 
happen when the ovaries and their hoimones are exposed to the influence of 
the loentgen lays However, I feel quite confident no one has any definite 
knowledge legarding this lelationship Clinical obseivations do not ahvays 
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seem to coincide with the vaiious theories ad^anced Foi example, if iiiadia- 
tion decreases the pioduction of carcinogenic hormones by the pioduction of an 
artificial menopause, uhy is it that caicmoma of the breast is moie frequent 
during those years following a natural menopause^ This appaient conflict 
naturally raises the question as to whether the ovaries should be iiiadiated m 
those cases who are below the age of the noimal menopause However, some 
of the best clinical results reported have been m young w^omen For example, 
those cases of lung metastases which have disappeaied after iiiadiation of the 
ovaries have been m young w^omen in the majority of cases In our limited 
experience the most marked benefit w'e have seen in the breast condition has 
been in the young w'omen w'lth rapidly grownng caicmoma of the breast 
wdio have had preoperative iriadiation of the local condition as w'^ell as the 
o\ aries 

Sufficient expel imental w'ork has been undei taken to serve as a w^arning 
against the continued indiscriminate emplojment of estrogenic hormones foi 
the relief of pain and sw'ellmg m the breast associated wnth the menses In 
mice, carcinoma can, apparentl}, be produced by the repeated injections of 
such hormones Allaben and Owen repoit a case illustiating the unwise use 
of estrogenic substance during the menopause Certainly, thei e is neither the 
clinical experience nor the theoretic basis to justify the iiiadiatioii of either 
the breast or the ovaries in a patient suftering wnth such symptoms, in expecta- 
tion of reliexing the pain or pi eventing the future development of malignancy 

It might be that some of the remaikable results obtained m the tieatment 
of carcinoma of the cervix by radium and roentgenotherapy aie due to the 
effects of irradiation on the ovaries as well as due to the local application of 
radium 

There have been several studies of the incidence of caicmoma of the bieasl 
occurring m patients wdio have had their ovaiies removed by operation, in 
comparison with a normal gioup of the same age These senes have been 
too small to be of much practical value In over one-half of our cases of 
carcinoma of the bieast occuning in w^omen ovei 50 yeais of age, menstuia- 
tion was still present 

Some ladiologists advocate the 11 radiation of the ovaries in all cases of 
delayed menopause as a piophylaxis against the tutuie development of malig- 
nancy, not only of the uterus, but also of the breast Ceitamly, the production 
of an artificial menopause in }oung w'omen protects the lemaming bieast from 
future lactations, and theieby deci eases the chances of malignant involvement 
of that gland 

One naturally hesitates to inflict all the symptoms of an artificial meno- 
pause on a } oung w onian However, cancer is ahvays a very serious condition, 
and nothing should be left undone, pro^ ided wdiat is being done is not harm- 
ful 

In this group of }oung women below' the menopause, we feel that irradia- 
tion of the oc ai les is especiall} indicated ( i ) If the tumor is grow mg 1 apidly 
(2) If there is an associated infection (3) If pregnancy is present In such 
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cases an aboition should also be peifoimed in addition to the irradiation, 
piovided the piegnancy is under five oi six months’ duiation If malignancy 
of the bieast develops duiiiig the last thiee oi four months of pregnancy 
nothing seems to be of any benefit (4) If the tumoi is fixed to the skin 
01 underlying structures In othei woids, iiiadiation of the ovaiies should 
be emplo3^ed in those cases 111 which theie exists any indication that the 
malignancy has extended 01 is going to extend beyond the chest wall (5) 
As a routine piactice m cases of lecunences (6) In cases of mopeiable 
carcinoma of the bieast 

These young cases do not diffei from any othei instances in a surgical 
expel lence, namely, that each one has to be studied and treated as an indi- 
Mdual case, and no geneial lule should be followed 

If the patient with carcinoma of the breast has passed the menopause, 
howevei, 11 radiation of the ovaries pioduces no bad symptoms, and should 
be administered m all cases, especially as theie have been a few such cases 
icpoited ■\\heie such treatment has been of appaient benefit 

I believe that all we can say at the piesent about the iiiadiation of the 
ovaries in association with the tieatment of caicinoma of the breast, is that 
we do not have sufficient experience to propeily evaluate the procedure as 
legal ds Its true clinical value, nor am I famihai with aii}' theoiy concerning 
its method of operation that has been advanced that fits all of the clinical 
lesults which have been lepoited by numeious obseiweis In othei words, 
i\e do not now have eithei the clinical expeiicnce 01 a satisfactory'^ theory' 
which would justify' the foimulation of any' definite rules governing the 
application of this poweiful, and piobably' dangeious, agent All of which 
means that, light at present, iiiadiation of the ovaiies, especially m young 
women, should be employed only' aftei a caieful study' of each individual 
patient, and such a study should be made by a giotip of doctors competent 
to evaluate this method, which has not as y'et been standaidized 

In conclusion, I feel cjuite confident that piopeily applied irradiation is of 
distinct aid to radical and carefully' executed suigery' m the pievention of 
lecmrences, and, peihaps, of metastases in the tieatment of carcinoma of the 
breast Howevei, iiiadiation possesses no leplacement value for suigeiy', 
especially if the surgeiy' is pei formed with meticulous caie 
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THE SCALENUS ANTICUS SYNDEOME WITH AND 
WITHOUT CERVICAL RIB=^ 

Joseph M Donald, M D , 

AND 

Benjamin F Moeton, MD 

Biraiinghaji, Ala 

The increasing frequency of lecogmtion of symptoms due to compression 
of the biachial plexus and subclavian artery by the scalenus anticus muscle 
indicates that this condition is one of the most common causes of pain and 
unexplained vasculai changes in the upper extiemities Attention was first 
drawn to the scalenus anticus muscle as a possible factor in the production 
of symptoms arising fiom cervical ribs by Murphy J m 1906 The actual role 
played by this muscle, however, was not clearly understood until Adson and 
Coffey^ demonstrated that section of the muscle was all that was necessary, 
except in rare instances, to lelieve symptoms attiibuted to cervical rib That 
the symptoms of cervical rib may exist in absence of 1 oentgenologic evidence 
of the latter has been a mattei of common clinical experience recorded by 
many obseivers Bramwell,® in 1903, attributed the symptoms in such cases 
to pressure of the brachial plexus against the normal first rib In 1919, 
Stopford and Telford^ reported satisfactory lesults in these cases by partial re- 
moval of the first rib and incomplete section of the scalenus anticus muscle 
Honeij,^ in 1920, mentioned 19 cases with typical cervical rib symptoms in 
which a supernumerary rib could not be demonstrated by radiologic exami- 
nation Carroll,® in 1932, repoited two cases in which the symptoms were 
attributed to abnormal first ribs Adson,'* in 1933, mentioned the occurrence 
of the cervical rib syndrome m several cases showing enlarged cervical proc- 
esses which weie relieved by section of the scalenus anticus muscle In 
1935, Ochsner, Gage and DeBakey® published a comprehensive study of the 
subject to which they gave the name “Scalenus Anticus Syndrome,” advanc- 
ing the latter as a definite clinical entity, the symptoms of which are identical 
with those of cervical rib They ciedit Naffziger with being the first to 
section the scalenus anticus muscle for the relief of S3miptoms in absence of a 
cervical rib Since 1935 seveial excellent contributions have appeared in 
the literature which confirm the scalenus anticus syndrome as a clinical entity 

The purpose of this papei is to piesent an analysis of 21 consecutive cases 
of the cervical 11b and scalenus anticus syndrome studied during the past two 
years (Table I) Of the 16 patients that have already received operative 
treatment, 13 were without cervical iibs, 2 cases showed supernumerary ribs 

* Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 

Seven of the cases in this series were from the Surgical Division, Section A, of the 
Hillman Hospital, Birmingham, Ala 
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whom ojoeration has been tempoiarily postponed, two showed i oentgenologic 
evidence of a ceivical nli In addition, 19 cases presenting mild symptoms of 
this syndiome aie leviewed 

Incidence — The age incidence m the 21 cases langed from 15 to 54 years, 
with an average of 37 years The majoiity occuried m the fourth and fifth 
decades which showed nine and five cases, lespectively There vere 14 
female and seven male patients of which five were colored females and one 
a colored male The left side alone was involved in nine cases, the right 
side m eight and bilateral symptoms were piesent 111 thiee instances A re- 
lationship between the onset of symptoms and pieceding excessive or unusual 
use of one of the upper extremities was shown m eight cases A history of 
washing and sweeping foi a numbei of yeais was obtained in five patients 
classified as domestic servants The occupations of the others weie varied 
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I 

RIB AND SCVLENDS \NTICUS S\NDROME 
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and nielevant A hisloiy of diiecl liauina pieceding the onset of s}mptoms 
was gnen in one case In two patients the symptoms developed immediately 
aftei an anesthesia one, following an opeiation foi appendicitis tindei spinal, 
the othei, aftei a lectal and ethei anesthesia dm mg the couise of deliveiy 
The fiist case showed ladiologic evidence of a ceivical iib on the affected 
side The tiauma m both of these cases was attiibuted to faulty position 
while under the anesthesia wnth lesultant injuiy to the biachial plexus Only 
five patients could be classified as the so-called “anatomic type,” namely, long 
neck and sloping shonldeis Of these, one case show^ed an abnoimal first iib 
Symptoms — The duiation of symptoms vaiied fioni six w'eeks to ii 
yeais, with lo of the 21 cases being seven months or less The symptoms w^ere 
vaiiable, and except foi the more piominent objective signs in those cases 
having ceivical iibs, Aveie m geneial essentially the same The most con- 
sistent symptoms weie pain, numbness, tenderness on pressuie over the 
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scalenus anticus nuisde, slight to maiked musculai weakness, and occasional 
atrophy, with disability chiefly due to the inci eased pain on motion of the 
extremity lather than weakness In addition many of the cases presented 
inhibited or lost tendon reflexes and diminution of cutaneous sensibility 
Pam — Pam of vaiiablc intensity and dull aching m chaiacter was the most 
constant and piominent feature m all except one case It was characteris- 
tically woise at night in i8 cases The shoulder was the most frequent loca- 
tion of pain, generally over the posterioi aspect, with 12 of the cases piesent- 
ing this as the initial symptom Pam occuiied ovei the side of the neck in 
eight cases, aim six, foiearm two, aim and foieaim thiee, median distribution 
of the hand m foui and ulnai side in thiee patients In the majoiity of the 
patients the use of the affected exti emity w'as limited due to the increased in- 
tensity of pain on motion Extension and abduction of the aim m most in- 
stances inci eased the pain The characteristic attitude was one of adduction 
of the arm and flexion of the elhow^ The most comfortable position at night 
was similai , wnth the arm suppoi ted on a pillow 

Numbness — Paiesthesias, chiefly numbness, occurred in 12 cases, two 
of the latter w'eie associated wnth tingling and tw^o wnth a sensation of coldness 
In four patients the numbness extended over ulnar distribution of the hand 
and m thiee instances over the median aiea In one case the entire hand 
w'as involved and in anothei both hands 

Scalenus Toidoncss — Incieased tenderness over the scalenus anticus 
muscle ivas demonstrated m all cases langmg from model ate to intense pain on 
pressure 

Weakness and Atiophy — In 14 cases there w'as a slight to moderate 
w'eakness of the affected arm or hand In the thiee cases shownng symptoms 
on both sides, a lelative increased weakness w'as found in the arm having 
the greatei pain Atrophy w^as marked in tw^o cases, one wuth ceivical rih and 
the othei without Another case wuth a cervical 11b show^ed atiophy of the 
arm and gangrene of the forearm One patient wuth an abnormal first nb had 
considerable atrophy of the hand wuth liophic changes m the fingers In the 
remaining cases it w'as infrequently observed, and only slight if piesent 
Refler and Sensoty Changes — Of the 18 cases in which a neuiologic ex- 
amination was made, seven show^ed changes m the leflexes on the affected side 
The triceps leflex w'as absent in foui instances and diminished m tw’o The 
biceps reflex was absent in two cases and diminished in one The supinator 
reflex was similarly diminished in one instance and lost m t^vo Operation 
w'^as followed by a return of function of the inhibited leflexes and paitial 
restoiation of those lost, except in two cases wheie the loss of activity has 
persisted Sensory changes, chaiacteiized by diminution of pain and tem- 
peiature sensation, occuried over the cutaneous distribution of the median 
nerve in fom cases, the ulnar in tw^o and both sides m three instances 

Neuroses — In eight of this series there w^as an associated neuiosis It 
IS inteiestmg to note that theie was a definite improvement m the clinical 
picture of “neurosis” m thiee of five patients, following operation with relief 
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of pain The pobbihilit}' of an associated neiuosis causing a distoition of the 
t3pical clinical pictiue of the scalenus anticus syndiome should be borne in 
mind 

Vascidai Changes — Of the i 8 cases in which blood piessure readings 
weie lecoided in both aims, six patients showed a decrease, averaging 15 
points, and fi\e showed an ele\ation of the blood piessure reading, averag- 
ing eight points on the aftected side In the majority of instances, the 
ladial pulse could be obliteiated 01 gieatly diminished by having the patient 
till 11 the head tow aid the invohed side and take a deep bieath, 01 by deep 
piessuie o\ei the inseition of the scalenus anticus muscle Neither of these 
tests, howeiei. was consideied ot gieat significance, in that they can be 
dcmonstiated in asjmptomatic cases A distinct biuit w'as heaid in the supra- 
claiiculai fossa of thiee patients Thiee cases, showing advanced changes 
attributed to compiession of tbe subclavian aiteiy, deserve special comment 
In one patient with bilateral sjmptoms a loud biuit could be heard over the 
supi aclavicular fossa on both sides Tiie light ladial pulse wi^as almost im- 
perceptible Blood pressiiie was 90/70 on the light and 120/70 on the left 
side At operation both subclaiian arteiies weie found to be markedly con- 
stricted and scleiosed Theie was no othei evidence of circulatory disease 
The bruits ha\ e persisted The patient w^as completely relle^ ed of symptoms, 
and an aithiitis of the lett shoulder, attiibuted to atiophic changes from pro- 
longed disuse, cleaied up rapidly In anolhei case m wdiich symptoms on 
the left side were associated with bilateial ceivical iibs, tlieie was an absence 
of pulse and blood piessuie leadings m the aftected aim At operation the 
subclavian aitei} was found to be small and scleiotic The scalenus anticus 
muscle W'as tremendousl) hypeiti opined Immediately aftei operation, blood 
piessuie leading m the aftected aim was found to be 80/60 and a faint pul- 
sation could be palpated o^el the ladial aitery The third case presented a 
complete obliteiation of the subclavian aiteiy wnth lesultmg gangrene of the 
forearm Because of the stiikmg clinical couise it is presented m detail 

Case Report — Extensue gangrene of hand and forearm resulting from compres- 
sion of subclaMan artcrj betivcen the scalenus anticus muscle and a cervical rib 

A J, colored, male, age 32, was admitted to the Surgical Division, Section A, Hill- 
man Hospital, April 19, 1938, w'lth gangiene of left hand, associated wuth severe pain 
Present illness began eight jears ago wuth pain in left arm and hand w'hich disabled him 
for W’ork at intervals Seven months before admission, he developed severe pain and 
gangrene of the left middle finger Gangrene gradually spread to involve the entire 
hand Pam had been severe for the past tw'o months, made worse by lying in a prone 
position Examination re\ealed gangrene of left hand with a foul smelling discharge 
There was atrophy of muscles of left arm, absent pulsations in left upper extremity and 
diminished temperature m left arm Blood pressure in right arm 160/90, temperature 101° 
F, pulse 90 A bony prominence could be palpated in left supraclavicular fossa Tne 
patient left the hospital tw'o days after admission He returned, August 15, 1938, w'lth an 
extension of gangrene up to a point just below the left elbow The middle third of 
the left ulna and radius w’as exposed Motion rvas good in left elbow There w'as marked 
atrophy of the left arm and shoulder girdle (Fig lA, B and C) Roentgenologic ex- 
amination revealed bilateral cervical ribs, the left being incomplete and attached to the 
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first lib (Fig sA and B), and a fractine of the left ulna and radius at the line of 
demarcation below the elbow (Fig 3) Tins was appaiently spontaneous, as there was 
no Instori of trauma On ‘Xugust 18. 1938, the left foieaim was amputated under 



Pic 2 — Rocntjrcno^rnms of the pTticnt \Mth extensne gangrene of the left forearm A Bilateral 
ctr\ic*il rih*^ — nj^ht complete left incomplctt and attached to the first nb B The distal portion of the 
left ccrMcd nb has been rcmo\cd — rtheaing pressure on the subclaMan arter> and brachial plexus 



Fig 3 — Spontaneous fractures of the left radius and ulna at the line 
of demarcation of the gangrene 


sodium pentothal anesthesia As much of the soft tissue as possible was conserved 
There was no pulsation in radial 01 ulnar arteries at their origin Collateral circu- 
lation appeared to be good Six days later a tenotomy of left scalenus anticus muscle and 
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lesection of distal poition of left cervical rib was pei formed, again using sodium pentothal 
anesthesia The scalenus anticus muscle was not h>pertrophicd This procedure did 
not completely relieve pressure on the subclaMan artery and brachial ple\us which were 
pushed foiward from behind by the cervical rib, causing the arter\ to be flattened out 
and completely^ obliterated No pulsation could be demonstiated distal to the rib The 
artery was smaller than normal %vhcre the scalenus anticus muscle crossed it The 
rib was partially removed allowing the structures to resume their normal position 



Tig 4 — Final result, patient has normal motion in the elbow 


Pulsation was questionable after the compression was relieved The amputated stump 
of the forearm healed completely m 17 day^s Pulsation in the left brachial artery' was 
obtained soon after operation The patient has since remained well and free of sy'mp- 
toms (Fig 4) He has worked regularly as a truck driver with the use of an arti- 
ficial arm 

It was thought that absence of definite hypertiophy and tenseness of the 
scalenus anticus muscle usually observed in these cases was apparently due 
to an advanced stage of the syndrome when all the muscles of the left shoul- 
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del giidle and aim had become atiophic This case typifies those laie in- 
stances m ^^hlch the iib must be lemoved m addition to tenotomy of the 
muscle to lelieve compiession 

Roentgenologic Examination — Bilateial ceivical iibs weie demonstiated 
in thiee patients Of these, iwo piesented symptoms on the left side, one, 
a coloied female, uith absence of ladial pulse and blood piessuie leading 
on the aflecled side (Fig 5 ^^^^1 F), and the othei, a coloied male men- 

tioned aliove, with an extensive gangiene of the foieaim The third patient, 
a white female, showed sunptoms on the right, wath a Hoinei’s syndrome 





A .L - ® J 

Fig s — Bilateral cervical I his patient had left svndiome with absence of blood pressure and 

pulse in left upper c\trcmit> \ Before ^calcnotonn B After scalenotom\ showing elevation of 
left diaphragm due to teniporarv paralvsis from traction on left phrenic nerve at time of operation 

on the affected side One case showed a light ceivical 11b wnth extensive 
symptoms 111 light aim simulating syimgomyelia (Fig 6) Another patient 
with bilateial symptoms was found to have an abnoimai first 11b on the side 
showing the moie maiked symptoms (Fig 7) In the 16 lemaimng cases 
theie w'as no evidence of supeinumeiaiy iilis The symptoms in these cases 
weie essentially the same as in those wnth ceivical iibs, except that the objec- 
tive findings weie less maiked It should be emphasized that ceivical ribs, 
wfiien bilateial, may offei a leal difficulty in 1 oentgenologic diagnosis unless 
one IS looking foi the anomaly It may be necessary, at times, to get a com- 
plete picture of the chest to show^ all the iibs befoie w^e can be ceitain of the 
diagnosis 

Opel at wc Pi occdio e — The opeiative technic w^as essentially that described 
by Adson and Coffey,- and Ochsnei, et al’^ A i pei cent novocain infiltiation 
w^as employed in ii cases, sodium pentothal in three, cjclopiopane in one, 
and nitious oxide in one It should be home m mind that the scalenus anticus 
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muscle IS deeply situated It can be palpated beneath the ovei lying fat pad 
which IS a good guide to e\posuie The muscle is easily identified by the 
phienic neive which passes oblujuel) acioss it from the lateial surface medially 
Aftei the muscle has been exposed it is sectioned in layeis through the ten- 
dinous attaehment A blunt pointed aneuiysm needle lends itself well to 
this pioceduie It is passed thiough only paits of the muscle at a time from 
the medial suiface laleially The subclavian aileiy comes foiuaid into view 
m most instances aftei all fibeis of the muscle have been divided 

We have found it quite easy to go too fai medially m getting down to 
the muscle In one case of left scalenus anticus svndiome the thoracic duct was 



Fic 6 — ccr\ icil rib (postenor \ieu) 
Fills patient piescntcd extensue atropli> of the 
rif,ht Innd ind arm biniuhting s>nn^oni>cIn 


Tig 7 — Bilateral scalenus anticus sMulronie 
in a patient with an incomplete first dorsal nb 
attached to the second dorsal rib causing, a 
prominence in the left supracla\ icuhr fossa 


accidentally laceiated The wound lapidly filled with cleai lymph, the patient 
having fasted foi I2 houis befoie the operation The accident was dis- 
cover ed at the time and the thoiacic duct vas ligated No symptoms de- 
veloped as a lesult of ligation of the duct and the patient made an uneventful 
lecoveiy Silk was used in 13 of the cases and catgut in thiee We feel that 
silk IS definitely supeiioi to catgut in these cases because of minimum tissue 
leaction following its use No chains weie used m any of the cases 

Spurling and Bradfoid''’ call attention to the temporary paralysis of the 
diaphragm in these cases following ti action on the phienic nerve and advise 
against bilateral tenotomy of tbe muscle in one stage We confiimed tins 
observation m each of foui cases in which fluoioscopic and roentgenologic 
examinations weie made (Fig 8 A and B) In the three cases of bilateral 
syndrome m oui series, howevei, both muscles weie sectioned at one time 
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With no appaient aftei -effect Ciaig and Kneppei^® have pieviously repoited 
caseb in ^\hlch bilateial scalcnolomy was peifoimed at one opeiation 

Pathology — In all cases, ^ except the one wnth extensive gangiene and 
wasting of the muscles of the neck shouldei and aim, the scalenus anticus 
muscle was found to be hypeiti opined and tense In some cases the hyper- 
tioph) was moie maiked than in otheis and boie a definite lelationship to 
seveiit} of s\mptoms Specimens of nine sectioned scalenus anticus muscles 
wcie examined micioscopicall} The changes w'eie, m geneial, insignificant 
Small scatteied aieas of fibiosis weie found in thiee cases One of these 
showed a piominent thickening of the aiteiioles Tw'o other cases had mod- 
el ate aiteiioscleiotic changes The histologic picture of the otheis was essen- 
tially negative 



Fig 8 — Lloni^nlLd ’'C\cmh ccimctI irTiwxcr^'C ptoccssc^ e^ptcialh the right, in i patient 
uith nglit ‘Jcnkmis anticus sviulromc B Flc\ation of right diaphragm following scalenotom> due 
to traction on phrenic ncr\c 


Opel alive Result <: — Of the i6 cases submitted to opeiation, 14 have been 
completely leheved of all symptoms The lelief of pain immediately followed 
section of the muscle m nine patients, and m thiee instances complete lelief was 
obtained befoie leaving the hospital, the a\eiage stay being foui to five days 
In one case symptoms peisisted foi one w^eek aftei leaving hospital, in an- 
other, complete lelief w'as obtained two w^eeks after the opeiation, and m a 
third, mild symptoms peisisted foi six weeks aftei tenotomy In the twm 
cases show'ing lecuiience of symptoms, one developed seven months after 
operation, follownng excessive use of the affected arm Symptoms persisted 
foi a period of tw'O months befoie giadually subsiding In anothei case, 
operated upon one yeai ago, mild pains at mfiequent inteivals have peisisted 
since lesuinption of hei pievious occupation as a domestic servant 

Mjld (Nonswgical) Casa-— In addition to the above lepoited cases, 19 
patients w^ere examined wdio w^eie consideied as having symptoms of a mild 
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scalenus anticus synch oine, in which singeiy was not indicated Then ages 
langed fiom 16 to 47 years, with an aveiage of 35 years Of these, 15 oc- 
uiiieci in the fouith and fifth decades Tlieie weie 13 females and six males 
S}niptoms weie piesent on the light side in six cases, left six, and weie 
bilateial in seven Of those showing sym])toms on both sides, the left side 
was moie piomincntly affected in foui eases Pam, aching in chaiacter and 
subject to 1 emissions, was found in all cases It \vas worse at night in six 
patients, the most frecpient location being, m oiclei, the shouldei, neck and 
aim A sensation of numbness was present in nine instances and coldness 



Fig 9 — A and B Identical left cer\ical ribs and clonj,ated right se\enth cer\ical trans\er‘;e proc 
esses in identical t\Mn females, with mild sjmptoms in their left arms 


of the hands m two The symptoms langed in duiation fiom one month 
to 15 years, with 12 being six months 01 less Aside fiom the finding of a 
supi aclaviculai biuit in thiee cases, and increased scalenus tenderness m all 
instances, the objective signs w^eie essentially negative Of mteiest, was 
the piesence of a supei numei ai y 11b m identical twnns, 32 yeais of age, each of 
wdiom show'^ed 1 oentgenologic evidence of a left ceivical iib (Fig 9 A and B) 
None of six other patients wdio had 1 oentgenologic examinations in this senes 
showed the piesence of a supei numeral y 11b One patient piesented attacks 
simulating angina pectoiis Although the inci eased intensity of symptoms m 
some of these cases may eventually necessitate oj^eiative lelief, appi oximately 
60 pel cent of them have sbowm a consideiable impiovement following sympto- 
matic treatment and impiovement of postuie A few^ have been completely 
1 eheved 

Discussion — It is assumed that the scalenus anticus syndi ome is found 
in patients having inheient anatomic and developmental variations about the 
shouldei s, although this is fiequently not demonstrable It is w^ell known 
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that symptoms aie found moie fiequently m women, laiely before the age of 
20, and that most cases occui between the ages of 20 and 40 Todd^^ at- 
tiibuted the development of symptoms to an abnormally low position of the 
shouldei and high fixation of the sternum and ribs The shoulder girdle de- 
scends farther in women, theiefoie, it may be expected that the syndrome 
will be encounteied moie fiequently 111 w'omen The so-called “anatomic 
type,” mentioned by Fieibeig,^- cbaiacteiized by sloping shouldei s and long 
neck, was seen in but five of oui 21 cases The otheis piesented no unusual 
external type Jones” believed a low’- oiigin of the brachial plexus to be 
lesponsible foi the development of symptoms Ochsner, Gage and DeBakey® 
claim the exciting factor to be an elevation of the first 11b due to spasm of 
the scalenus anticus muscle lesulting fiom brachial plexus iiritation Gage^-^ 
has been able to demonsti ate a teinpoi ar} 1 elief of pain in three cases by the 
injection of a i pei cent novocain solution into the scalenus anticus muscle 
Fieiberg^- believes that the scalenus anticus syndiome occurs as a sequela of 
piimai}^ lesions of the shouldei joint and ceivical spine more fiequently than 
as an isolated clinical entit} He points out that the symptoms frequently 
disappeai after local therapy to lesions of the ceivical spine and shouldei s 
Although these significant factois must be borne m mind, it is interesting to 
note the clinical nnpioveinent of tw’o cases of aitbiitis of the shoulder joint m 
our senes associated with the scalenus anticus syndrome, following scalen- 
otoiny Diiect tiauina preceding the onset of symptoms could be demonstrated 
in only one of oui 21 cases In two otheis the trauma was attiibuted to faulty 
position wdnie under anesthesia, follow’ed immediately by the development of 
s) inptoms typical of the syndrome The frequency and impoi tance of trauma, 
as a pi ecipitatmg factoi, has been stiessed by Honeij,^ Spurling and Brad- 
ford,*’ Naffzigei and Giant,” and otheis Excessive occupational strain, 
wdietbei consideied tiaumatic or responsible for a musculai imbalance of the 
shoulder, is also a significant factoi, as demonsti ated in eight of our cases The 
reason foi the piepondeiance of cases in our series in the fourth and fifth 
decades may possibly be attributed to legiessive muscular changes occurring 
in the ages between 30 and 50 with resulting di ooping of the shoulders The 
chaiactenstic increase of pain at night m the inajoiity of the cases may be 
accounted for by the piessuie from behind, as the shoulders are brought 
forw^ai d against the scalenus anticus muscle while in the prone position 

The symptoms of ceivical 11b and scalenus anticus syndrome are similar 
In both conditions we aie probably dealing wnth inherent anatomic and de- 
velopmental vai lations which repi esent the fertile soil for the development of 
symptoms precipitated by such factors as trauma, occupational strain and 
improper posture In our series of cases the more extreme brachial plexus and 
circulatory disturbances have been noted in patients with cervical ribs, sug- 
gesting that symptoms are apt to be more marked in the presence of a super- 
iiumeraiy nb The symptoms result from compression or irritation of the 
brachial plexus and compression of the subclavian artery Telford and Stop- 
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foid^*' atliibute the vasculai changes to nutation of the sympathetic fibers of 
the hiachial plexus lalhei than to dnect piessme on the aiteiy 

In view of the fact that the scalenus nnticus muscle is the piimaiy factor 
111 the pioduction of neuiociiculatoiy compiession, legardless of whether a 
ceivical 01 ahnoimal hist iih is piesent, it would seem appiopiiate to group 
all of these cases undei the teini “Scalenus Anticus Syndrome” and designate 
whethei a ceivical iib oi abnormal liist rib is associated The surgical in- 
dications aie the same and lesults have usually been excellent Indiscriminate 
scalenotomy m all cases exhibiting the syndiome is ceitainly not indicated, as 
many of the cases aie mild and will lesiiond to conseivative theiapy It has 
been oiu expei lence that the symptoms m the mildei cases are not progressive, 
but subject to i emissions and exaceibations 

This study indicates that the s}mptoms of the scalenus anticus syndrome 
occiii with much gieatei iiequency without the piesence of a ceivical nh 
The syndiome accounts foi many cases ot pain and unexplained vasculai dis- 
lui bailees m the uppei extremities On account of the frequent giadual onset 
and bizaiie pictuie piesent m some cases, it is often difficult to make a positive 
diagnosis In some cases we have kept patients under obseivation for sei- 
eial months befoie any definite conclusions were made A neuiologic ex- 
amination IS uiged in all cases The conditions causing the most dilficulty in 
the diffeiential diagnosis have been Infectious neuiitis, aithiitis ot the shoul 
del joint, ceivical aithiitis, subaciomial buisitis and neuiosis 

SLMiM\Uy AXD COXCLLSIOXS 

(1) Tw^enty-onc cases piesentmg symptoms of the scalenus anticus and 
ceivical lib syndiome aie leview^ed 

(2) Sixteen cases w^eie not associated with a cervical 01 abnoimal iib, 
indicating that the scalenus anticus syndiome occuis wuth much gieatei fre 
queue)'’ than the ceivical 11b syndiome 

(3) Although the symptoms of the scalenus anticus and ceivical iib syn- 
diomes aie similai, objective findings aic apt to be moie maiked when asso- 
ciated with a ceivical 11b 

(4) The symptoms aie the lesult of compiession of the biachial jilexus and 
subclavian aiteiy by the scalenus anticus muscle 

(5) The symptoms aie piecipitatcd by such factors as tiaiima, occupa- 
tional stiain and impioper postuie in patients having inheient anatomic and 
developmental vaiiations about the shouldeis 

(6) In view' of the essentially identical etiologic factois and clinical pic- 
tuie of the scalenus anticus and ceiviCcd iib syndiomes, it is suggested that 
the teim “Scalenus Anticus Syndiome” be applied to both conditions wnth the 
occuiience of a 11b, if piesent, specified 

(7) The scalenus anticus syndiome appeals to be moie fiequent than is 
generally lecognized and is a common cause of biachial plexus neuiitis and 
unexplained vasculai disturbances of the uppei extiemities 
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(8) The lesults following scalenotomy have been excellent Fouiteen of 
the cases have been completely leheved of symptoms One has had a lecui- 
lence of two months’ diiiation, seven months aftei opeiation, the other has 
complained of mild symptoms at mfiequent mteivals 

(9) Scalenotomy m all cases is not indicated as many are mild and lespond 
to conseivative theiapy 

(10) Remissions and exaceibation of symptoms aie chai actei istic of the 
mild cases 
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THE CERVICOBRACHIAL SYNDROME 

A DISCUSSION OF THE ETIOLOGY WITH REPORT OF TWENTl CASES 

Kenneth II A\ nesworth, M D 

lA Aco, T/ \ 

NArrziGLK,'’'’ in a lecenl paper, clearly limits the scalenus syndiome to 
cases suffeiing fiom neuritis of the biachial trunks Howevei, since there are 
a numbei of pathologic conditions besides the compression of the scalenus 
anterior muscle which may produce identical symptoms, the Nafifziger termi- 
nology, theiefoie, is too limited 

The vasculai and nerve tiunk symptoms should be expressed m a more 
inclusive terminology The term “cei vicobrachial syndrome” does not define 
the diseases but it does give a comprehensive and an anatomic concept which 
IS accuiate and inclusive 

The 20 cases included m the paper comprise 12 of my own and eight 
cases which occurred in the piactice of my colleagues m the Providence Hos- 
pital All of these cases have come under my observation before operation and 
the diagnosis was confirmed eithei b}^ operation 01 b} subsequent histoi} 
My cases include four ivhich w ei e opei ated upon by me for cei vical rib prior 
to the undei standing of the role which the scalenus anterioi muscle exercises in 
the symptomatology or m the pathology 

The first case, seen m 1914, was a male lailroad emplo}ee, who was in- 
jured m a wieck by falling on the left shoulder Subsequentl)’’, the left arm 
became veiy painful, sw'ollen, useless, and obliged him to stop working He 
comjilamed of seveie pain m the left shoulder and left arm, especiall}' in the 
medial side, pain and stiffness in the little and 1 mg fingei s, etc Roentgenologic 
examination show'ed bilateial cei vical ribs, tbe left was a complete rib aiticu- 
lating with the first rib , in the supraclaviculai fossa w'as a hard, tendei, slightly 
pulsating mass, which, he claimed, caused intense pain down the inner side 
of the arm Accurate recoids w'^eie not made at the time The diagnosis w'as 
neuritis of the branchial plexus, especially the low'er ti links, due to the injury 
Resection of the left cervical rib by the old technic 1 eheved the S3anptoms It 
w^as several months before the patient returned to his regular occupation This 
was clearly a case due to traumatism The other three cases gave similar his- 
tones, as all of them were mjuied by falling on O’ by being struck on the 
shouldei Then histones ofifei no additional mteiest as they were treated 
by removal of the affecting cervical rib and w^ere diagnosed as cei vical rib cases 
Two of these patients were undei obseivation until the}'- retuined to their 
regulai duties several months latei , the othei patient w'as not observed and 
the results are not knowm All of them gave histones of having been w'ell 
and regularly on duty as lailroad laboreis befoie the mjui y 

* Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga, December 5 . 6 , 7, 1939 
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Tlie othei i6 cases have come iindei obseivation since the role of the 
scalenus anteiior muscle has been suggested by a number of wnteis Every 
case has been studied caiefully and ten cases confiimed by opeiation, with re- 
lief of symptoms, except one case which had onl}’- paitial lelief In all of 
the cases not opeiated upon, the same diagnostic ciiteria weie insisted upon to 
make the diagnosis as weie those opeiated upon Roentgenologic examina- 
tions confiimed the piesence of cei vical iibs, when piesent, the neurologic and 
vasculai examinations elicited the same findings as those who weie opeiated 
upon 

The following type-cases aie lepoited to illustiate the theoiies of the 
etiology and the couise of the ailment All of them gave a histoiy of trau- 
matism 


ILLUSTRATIVE CASE REPORTS 

Case I — The Ncuiologic Type A female, age 65, had always been m fairly good 
health, except that she had suffered during recent j^ears from multiple arthritis asso- 
ciated with high blood pressure 

In October, 1935, she fell down the stairw'a3' and struck the left shoulder and the 
left side of the bodj , she felt very sore and bruised for a few da3'^s About four weeks 
later, she droie an automobile to Michigan She then began to suffer from a dull, 
aching pain in the light side of the neck The pain became severe within a few days, 
espccialh at night A few' weeks later, the pain had spread into the shoulder and dowm 
into the arm, forearm and hand, and up the side of the neck She noticed swelling and 
tenderness as well as pain in the entire arm, but more severe in the inner side of the 
entire aim and hand The pain was more severe in the shoulder and upper arm She 
felt numbness, tingling and tenderness of the skin, w'hich w'as slightly cyanotic She 
noticed disturbed tactile sensations, especialh' m the hand, but most marked on the 
ulnar side and in the little and ring fingers She now' had a constant ache in the arm and 
kept It in a sling strapped to her side She consulted a physician m Januar3', who first 
strapped the arm firmly to her side, which gave no relief, then he applied a Velpeau 
splint, which gaie no relief, and the shoulder joint became quite stiff Then baking and 
diathernu w'ere used, W'lth no benefit 

Physical Examination — The patient is a rather stout, w'ell-nourished woman with the 
right arm carried in the left hand She complains on the least movement of the right 
arm It is moderately sw'ollen below' the elbow', especially the hand and fingers, the skin 
IS dusky and definitely cyanotic and pits on pressure The arm is held close to the body, 
the elbow' is flexed and the hand about half closed Any movement of the joints is 
painful The pulse varies from 80 to 90, the blood pressure in the right arm is 150/90 
and 160/90 in the left arm There is a definite pulsating sw'elling in the right side of the 
neck along the line of the carotid artery w'hich has been diagnosed as an aneurysm 
There is moderate tenderness in the supraclavicular fossa, but no mass is palpable With 
head erect and turned to the right, pulsation in the right radial artery w'as absent All 
reflexes m the arm w'ere normal Roentgenologic examination show'ed no cervical rib 
on either side The diagnosis w'as scalenus anterior syndrome At operation, the scalenus 
anterior muscle was severed from its attachment to the first rib according to the technic 
of Adson 

Comment — ^The scalenus anterior muscle was greatly enlarged, somewhat fibrous, 
and apparently tenser than normal About one-half inch of the muscle was removed 
The attachment of the lateral fibers of the scalenus anterior was very broad and fibrotic 
When the muscle was cut through and one-half inch removed, it contracted and the 
subclavian artery rose up in a wide curve over the first rib and seemed to expand in 
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size llic two lowest nerve li links weic carefuIU ficcd from small amount of fibrous 
tissue 

Poslopoatrrc toin^c — The iccovcr\ from luin was noted tlic aflcinoon of the 
operation and wntliin a week tlic patient was discharged Since tlien she had been well 

This lepoit gives a succinct histoiy of injuiy by induect foicc to the 
scalenus anleiioi muscle ivhich lesulled in musculai conti action which com- 
piessed the lowei nerve tiunks and caused the s3unptoms outlined above 
Theie \vas no ceivical nb oi piessuie on a nonnal fust nb which would 
pioduce the symptoms wdiich w^ere picsented 

Case 2 — The I'a^cuio) Tvpc^ A female, age 44, was e\amiiied 3^a^ 31, 1938, slic 
had alw ijs been in good health, except for t\plioid fe\cr at age 17 She Iiad noticed a 
painless, but pulsating swelling in the right supraclaMcular fossa about ten }ears pre- 
Mousb, following a ^cr^ difficult and prolonged labor, during which she felt a \er\ 
severe, cutting pain in the right side of the neck wdnie she was pulling on obstetric 
straps She complained of soreness and tenderness m the right side of the neck for 
some weeks, espccialb when she would turn her liead 

The swxdling m the neck gave no tioublc, although it had slowh increased in size 
until about eight months ago when she began to have tingling pains m the swelling 
which rapidh radiated into the shoulder, the entire arm, hand and fingers, but was 
felt more m the inner side of the arm and hand and in the little and ring fingers, al- 
though the wdiolc hand was affeeted flic fingers and hand became cold and numb 
Although the pain w^as alwa\s a more or less se\crc aching, worse after using the arm, 
It changed at times from the side of the neck to the shoulders, elbow, etc She com- 
plained of dizziness, right-sided headache, and ‘Voaiing” m the head at times The 
pam was constant da\ and night Her ph}sician had told her she had no right pulse 
She had consulted sc\eral ph\sicians who administered loentgcn therap\, diatherniN, 
etc , but wnth no relief Ihc pain had become more se\crc and the arm almost useless 
during the last few" weeks 

Physical Examination — The patient w^as of 1 rather fiesln, stout Upe and appeared 
to be m good healtli, but supported the riglit aim in the left hand Temperature normal, 
left pulse 70, the right hardiv perceptible, but 70 The blood picssure 142/70 in the 
left arm, it could not be ascertained in tlie right aim because of instant pain from the 
arm band and the arm became very c^anotlc There was no edema and Aer\ little 
tenderness except over the olecranon which w^as Inpcrsensitnc Tliere was a visible, 
tender, pulsating mass in the right supraclaMcular fossa about 5 cm in size which 
extended beneatli the clavicle She w^as most comfortable wath the arm hanging down 
Roentgenograms sliow^ed bilateral cervical ribs llic patient refused treatment 

Examination One Week Latci — The blood picssure m the left arm was 142/74 » 
the light pulse could not be felt She now complained of greater pam in the shoulder 
neck, and in the right side of the head The pulsating mas*? in the light supraclavicular 
fossa had not changed The laboratory findings are noimal, Wassermann test negatne 
Roentgenologic examination bv another laboratoiy confirmed the diagnosis of bilateral 
cervical ribs, the left one was small, the right one w^as large, complete, and articulated 
wuth the fiist 11b m front (Fig i) The diagnosis was (i) Aneurvsm of the right 
subclavian artery, (2) bilateral cervical ribs, (3) neuritis of the right brachial plexus, 
lower two trunks Removal of the right cervical nb and section and removal of oiu- 
half inch of the scalenus anterior muscle w^ere effected 

Comment — The Adson incision was employed The arterial swelling was an 
aneurysm about one inch long and one inch in diameter, which w^as definitely hmited 
chstally beneath the clavicle, which was lying close to the first nb When the scalenus 
anterior muscle w^as severed, the artery rose up into a rather high arch across the 

726 



\ oUime 111 
JS'umbcr 5 


THE CERVICOBRACHIAL SYNDROME 



d* 


Fig I — Case 3 Roentgenogram shoeing two well de\ eloped cervical ribs The 
left one IS short and does not niticuhte with the fiist nb The right one is very large, 
long and articulates with the first nb 



Fig 2 — Case 2 Roentgenogram showing the result of the removal of most of the right 

cerncal nb 
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fossa but there was still obstruction to it as it crossed the cervical rib When the 
cervical rib was removed (Fig 2), the aneurysmal artery formed a smaller arch than 
before the nb w^as removed, as its distal end lay lower The scalenus anterior muscle 
w^as not enlarged but had a wude attachment and cut like fibrous tissue, wuth wude re- 
traction of the upper end wdiich furnished nioic space for the dilated aneurysmal artery 
The scalenus medius appeared to be fibrous but it w'as not incised The w^all of the 
aneurysm did not show^ any areas of calcification or other degeneration, although they 
w^ere carefully searched for 

Subsequent Coiosc — The patient has made a most satisfactory recovery Si\ months 
later, she had, as residual effects, some stiffness of the shoulder, inability to elc\atc the 
arm above the chin, but she had no pain, no limitation of arm movements below the 
lc\el of the shoulder, and the pulse had returned The mass in the supraclaMcular fossa 
was apparently smaller and the pulsations were not noticed b\ the patient 

Follow-Up — November 29, 1939 She can use the arm in any position wnth no dis- 
comfort The right hand is normal, it feels colder than the left There is no pulse 
appreciable in the right radial artery Blood pressure m the right arm 104/8S, left 
144/96 There is no pulsation in the supracIaMcuIar fossa 

Comment — This case \vas probabl)^ due to tiauniatism, during labor, to 
the scalenus anterioi muscle resulting in fibious tissue formation and con- 
traction over a long penod of time In this case the vascular symptoms were 
definite and w^eie lelieved by resection of the tense scalenus antenoi muscle 
and the removal of the obstructing cervical rib The lesults have been the 
relief of all of the symptoms although the aneur3^sm has decreased m size 
only slightly The aneuiysm w^as not removed because the vessel walls did 
not appear to be seriously diseased and it w^as thought that the vasculai symp- 
toms w^ould be relieved by the operation 

Case 3 — Traumatic Ncinitis Type A physician, age 50, said that he had alwa^s been 
111 good health until December 2, 1938, when he fell from the top of a seven-foot fence, 
landing on his right shoulder on a brick pavement, he liad severe pain m and 
around the right shoulder for several da^s followmig the injury After one week the 
pain and soreness subsided and for six wrecks he suffered no mcoinenience During the 
latter part of January, or during the first WTck of February, he began to have pain in 
the right deltoid region, in the shoulder, over the flexor surface of the right elbow 
joint and slight pain dowMi the flexor surface of the arm to the wrist joint It was 
moderately severe, but constant He continued to drive his car, but the pain w^as serious 
enough to keep him awake at night After this pain had been present for about two 
or three weeks, wdnie running, he again fell, sti iking the point of the right shoulder against 
the ground Following this, the pain became rapidly^ worse He consulted Dr E P 
Bunkley, of Stamford The patient continued wuth his duties although he had em- 
ploved a chauffeur during the last few wrecks 

He kept the arm in complete adduction constantly'’ wuth the forearm flexed to a 
right angle, wnth the hand lying across the abdomen, the hand and fingers were 
edematous and the right arm w^as one-half larger than the left Any voluntary move- 
ments of the arm, except in the anterior position, caused extreme pain 111 the arm 
and shoulder, this was especially marked wdien the arm w^as voluntarily abducted or 
moved backwards He had radiating pains through the right side of the neck and into 
the shoulder when the head was lotated to the right side with the chain extended 
There was partial skin paresthesia over the whole detoid region, the anterior surface 
of the arm, over the flexor surface of the elbow joint, and down the surface of the fore- 
arm to within two or three inches of the wTist joint The examination otherwise w'as 
negative 
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About the middle of Apiil, the patient was seen in consultation Examination 
confirmed the above history and findings There was a definite, hard, tender area 
in the right supraclavicular fossa but no pulsation The hand and forearm were edematous 
and tender over the whole ai ea of the region of pain He held the arm in flexion, adduc- 
tion, and flexed across the abdomen There was no change in the pulse in either arm , 
there was marked tenderness over the distribution of the fifth, sixth, and seventh cervical 
nerve trunks 

Roentgenologic examination showed bilateral cervical ribs, arthritis of the cervical 
spine, and a destiuctive process in the third thoracic vertebra, probably due to an old 
injury A diagnosis of scalenus anterior syndrome, due to injury, associated with 
cervical ribs, was made Section of the scalenus anterior muscle by Doctor Bunkle3' 
confirmed the diagnosis The relief from pain and soreness was immediate Recent 
reports indicate that he still has some tenderness in the deltoid region and moderate 
pain in the arm at times This may be due to regeneration of some fibers of the 
scalenus anterior muscle or some unsectioned fibers 

Comment — The connection between ti aumatism and the scalenus an- 
teiioi syndiome is lathei convincing in this case The results of the opeia- 
tion aie additional pi oof of the theory This case illustrates the tiaumatic 
etiolog}’’ due to indiiect iiijuiy to the scalenus anterioi muscle While there 
was a cenical iib piesent, it pioduced no piessuie upon the biachial plexus 
until the injury to the shouldei and the section of the scalenus anterioi muscle 
gave immediate and peimanent relief This patient is a physician and he had 
obseived the piogiess of the symptomatology fiom the beginning of his ail- 
ment There were no vascular symptoms The ti aumatism in this case, as 
in all of the others, was not diiectly to the scalenus anteiioi muscle although 
it must have caused violent stretching and consequent fibrous tissue forma- 
tion and contraction within the muscle fibers The theoiies of Todd,^^ Jones, 
and otheis based, as they aie, upon embryologic defects, if true, offer a clue 
to the disturbance caused by injuiy to the scalenus anteiior muscle As long as 
the scalenus anteiioi muscle could peifoim its noimal function, even though 
the plexus was postfixed oi antei loi fixed, oi the shoulder was lowered and 
the area covering the apex of the lung was conti acted, theie would be no 
symptoms of scalenus anteiior compiession But, in these embryologically 
defective patients, a slight change in the normal relationship m the region 
of the plexus or the subclavian aiteiy as it passes through this space or ovei 
the cervical oi normal rib, would pioduce compression and symptoms of 
nerve injury, oi vascular compiession would arise 

Case 4 — The Nciu oJogic Type A housewife, age 3 S> mother of two children, always 
very nervous, had had a tonsillectomy, and a supravaginal hj^sterectomy for tumors, but 
never any serious, acute illness A sufferer from serious periodic headaches, she was 
in a car wreck two years ago which threw her head violently backwards and left her 
with soreness in the neck, right shoulder and arm These symptoms improved, but she 
remained very nervous and highly emotional She has had, during the years, manj' 
examinations, including spinal puncture and other neurologic procedures In December, 
1937, about one year after the accident, she began to have severe headaches localized 
in the occipital region, diffusing over the head, and into the right side of the neck, during 
which she would be nauseated and would vomit She had no fever Shortly thereafter, 
she began to have severe pain in the right side of the neck, in the right shoulder, and in 
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the arm, but more intense on the inner side along the distribution of the ulnai ner\e, i\ith 
acute skin tenderness At times, tlicre was numbness of the fingers and hand She did 
not ha\e constant pain in the right arm, but she did liave a number of similar spells 
frequent! V dm mg the next tw'o \cais Siic was cmploted as a bookkeeper and tried 
to continue, but tlic pain in the light arm and the hand pre\cnted About one month 
before examination an attack came on wdiich has not subsided Siie lias, also, pain in 
the left side of the head and some left ccnicil tenderness when the headaches arc most 
severe or continue for m\ length of time 



Tic 3 — Cast i Roentj^cno^r'im «?ho\\ing: n well developed rmht ccrvicnl ril> 
winch does not nrticuHtc with the first rib — this is ver> indistinct in tins reproduction 
hut is reidih identified in the orij^itnl roentRenogrr'ini 


Examination disclosed bilateral cervical iibs with definite arthritis of the cervical 
spine (Fig 3) A few^ da>s later, she had an acute attack of severe pain in the occipital 
region, ladiating into the light side of the neck, into the right arm and forearm and 
hand , the distribution of the ulnai nei ve wns definiteh and directh affected , although 
she complained of pam in the entire arm, it \vas mild and not definiteh defined as was 
the ulnar pain There was no skin anesthesia oi paresthesia Predicated upon this 
histor}^ and examination it w^as believed that there was sufficient evidence of pressure upon 
the lowest nerve trunk to justifv an operation The scalenus anteiioi muscle w^as sec- 
tioned wuth relief of all of the sjuiiptoms refci red to the disti ibution of the ulnai nerve 
Subsequent Course — She did quite well foi some time, but the spells of severe 
occipital headache returned with both greater intensity and frequenc}, wuth extension of 
the spinal pain to the thoracic region She was tieated b}'’ another physician for this 
wuth a plaster spinal splint, rest in bed for wrecks and libeial use of endocrine drugs 
She w^as not benefited Recent studies show^ that there has been a marked extension 
of the cervical and dorsal spinal arthritis The operation of sectioning the scalenus 
anterior succeeded m relieving the ulnar compression, but the operation w^as ill advised 
and should not have been performed The spinal aithntis was not taken sufficient!) 
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into consideiation at the tune of the opeiation The ceivical rib wab not removed but 
It IS doubtful that its rcnio\al would ha\e changed the results 

Comment — This case nnolves moic than scalenus anteiioi synch ome, it 
was a combination of scvcial jiathologic entities and should not have been 
opeiated upon It, howe\ei. illustiates anothei type of pathology and symp- 
tomatology difteient fiom the otheis, although the history of tiaumatism is 
associated with multiple otheis. s} mptoniatology fiom wdiich pathologic con- 



Yig 4 — Case T RoentgenogrTm showing bilateral cer\ical nbs neither of %vhich 
articulates with the first rib The one on the right is the larger, and extends almost to 
the nl) 


ditions she is still suftermg This case should be classed as a failuie although 
the symptoms foi wdiich the opeiation w'as done w^eie relieved 

C\SES. ILLUSTRATING MINOR DEGREES OF NEUROLOGIC AND VASCULAR 

COMPRESSION 

Case I — A farmer, age 56, accustomed to drive a tractor, began to suffei from 
indefinite pains in the right arm and forearm The pain w'as felt most in the medial 
side of the arm dowm to the hand and in the little and ring fingers, w'hich w'ere numb 
at times and stiff He complained of not being able to use the hand and arm as he had 
formerly There w^as an indefinite but constant pain in the shoulder and in the supra- 
clavicular fossa He continued to drive the tractor, but the pain became more severe 
and he sought relief from the discomfort There were no changes in the skin reactions 
and no differences in temperature or pulse When the head w'as held backw'ards and 
to the right, the pam was more acute, but there was no change in the pulse Roent- 
genologic examination showed bilateral ceivical ribs, the one on the right was the longer, 
but did not articulate w'lth the first rib (Fig 4) This w'as diagnosed as a mild degree 
of the low'est cervical trunk compression against the cervical nb, caused bj dragging the 
shoulder dowmw'ards when driving a tractor He was directed to drive the tractor 
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more carefully, to keep the shoulders held higher, and to sit erect when at work He 
soon recovered from the pain But, later, when he did not obser\e these precautions, the 
pain returned 

Case 2 — A woman, age 55, housewife, about five >cars ago began to suffer, at inter- 
vals, from a painful left shoulder, there were pain and stiffness in the arm, especially after 
much use of the hmb Slie slept on the right side because of pain when lying on the left 
About four weeks ago, she began to have severe pain and numbness in the outer side 
of the arm and in the thumb, and second and third fingers, the fingers gradually became 
very numb and useless Later the entire liancl became numb and so stiff that she could 
not use it She felt most comfortable with the arm held high over the chest and the 
shoulders backwards Wlicn the pain became ^cry sc\cre, she had to sleep on her back 
She now holds the arm pronated across the abdomen and complains of constant pain in 
It Blood pressure m the right arm 220/130, m the left it could not be taken because 
of the pain and immediate swelling wLen the band was applied, however, the pulse is 
equal at the w^rist and it is not affected in the left arm by turning the head to the left 
side The wLolc outer side of the left arm is \ery tender, but there is no edema There 
IS a firm, resistant, nonpulsatile mass in the left supraclaMcular fossa, the region of the 
scalenus anterior muscle is firm, enlarged as compared to the other side and \eo tender 
Coordinated movements in both arms are equal, except for retardation in tlie left due to 
pain on any attempt to mo\e it The neurologic details will not be related here, but there 
were slight changes m the outer side of the left arm and fingers 

Roentgenologic examination show^s that there is a marked ccrMcal arthritis, that 
the transverse process of the seventh cer\ical vertebra is longer than normal, that there 
are no cervical ribs, but there is decalcification of the bones of the left shoulder joint 
This IS clearly a case of neuritis due to compression of the middle and upper nerve 
trunks without affecting the lowest trunk The extreme pain w^hen the cuff is used to 
determine the blood pressure is due to the tenderness of the muscles of the upper arm 

Case 3 — A male, age 21, farmer, began about ten ^ears ago to ha\e pain in the left 
shoulder and later in the arm following hea^y farm work The pain ranged down the 
outer side of the arm to the elbow , he has had spells of pam e\er since, much wwse 
when he uses the arm, he has not had sw'elhng or edema of the arm or hand, but he 
has had tingling m all of the fingers except the thumb, especially after doing any hard 
labor which requires use of the left arm The shoulder and arm have shrunken con- 
sidcrably^ probably due to nonuse, as he has failed to use tiie arm for several years be- 
cause of intense pam when he exercised it The left shoulder is lower than the right 
This IS a case due to dropping of the shoulder There are no changes m the pulse, 
pressure or volume in change of position m the arm The roentgenogram showed a 
long, left cervical rib He refused operation He claims to ha\e improved under 
postural and medical treatment 

Comment — ^This case is inteiesting because of the absence of vasculai 
symptoms, the symptoms are neuiologic and have lesulted m pain on use, 
loss of function of the aim and atiophy of the muscles The pressure evidently 
does not affect the lowest trunk or there would probably be stimulation of the 
sympathetic and vasomotoi neives producing vascular changes 

REPORTS OF MILD NEUROLOGIC CASES 
Postil) al and Age Defects 

Case I — ^A female, age 54, who had never done any real labor, began to suffer 
from pain along the distribution of both ulnar nerves, which gradually increased in 
intensity until she was disabled She became w^eak, listless, stoop-shouldered, etc 
Roentgenograms showed bilateral ribs (Fig 5) Tenotomy of both scalenus anterior 
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Fig 5 — Case i Koent^enogram sboujng: biHtejal cerMcal nbi>, %\ell developed, 
the one on the right side nrticuhtes \Mth the tni>t nb ^vhlle tint on the left side is 
almost in contact with the hr^^t nb 



Fig 6 — 2 Roentgenogram showing bilateral cervical ribs, well de\eloped, but 
which do not articulate with the first nb 


733 


KENNETH H AYNESWORTH 

muscles gave perfect relief This case may be classified as both postuial and age neuro- 
logic defects 

Case 2 — A female, age 26, greatly debilitated, and \vith much loss of weight, began 
to suffer, especially after physical effort, fiom pain m the ulnar nerve distribution and 
coldness of both arms and hands Roentgenograms showed bilateral cervical ribs (Fig 
6) She was pcifectly iclievcd by a change in postural habits and an increase in weight 

These two cases illustrate a type of scalenus syndiome occasionally seen 
in general practice 


MILD TRAUMATIC CASUS 

Case I — A strong, healthv male, age 18, was wrestling w^hen he fell on the right 
shoulder and suffcied acute pain in the shoulder and m the side of the neck A few 



Pig 7 — Case 2 Roentgenogram showing short hihteril ccrMcU nbs, the Hrger 
one IS on the right, but neither 'irticuhtes witli the first rib The reproclurflon is ritlier 
indistinct but shows well on the original roentgenogram 


days later, he began to feel pain and numbness in the couise of the ulnar ner\e Rest, 
hot applications, and mild faradic cm rent wete emplo\ed In a few^ WTcks, he w^as well 
Case 2 — A truck driver, age 21, fell off a truck and struck the left shoulder on 
the pavement Since then, he has felt numbness of the arm, tingling of the little and 
ring fingers, he cannot abduct or flex the forearm, the hand hangs limp and is cold 
Roentgenograms disclosed short, bilateral cenical nbs (Fig 7) After the settlement 
of a suit, he could abduct the arm but all of the othei symptoms lemain 

Case 3 — A female, age 28, housewnfe, complained of bilateral shoulder pain, numb- 
ness m the little and ring fingers following exercise or lifting, cic Roentgenograms 
sliow^ed small, bilateral cervical nbs She was relieved by rest and corrective posture 

MILD CASES DUB TO ACUTE INFECTION 

Qase I — A healthy male, age S3, had a severe attack of influenza during whick he 
suffered severe throat inflammation A few weeks after recovery, he began to suffer 
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fiom a most disUesbing ulnar ncuutis associated with coldness and numbness of the 
fouith and fifth fingers Tins lasted foi several months, followed by reco\ery Othei 
cases have been obseivcd 

Classificaiioii of the 1 ypes of Cctvicobiachial Syndiome — The symptoms 
imdei the genet al heading ceivicobiachial syndiome may be, for pin poses of 
study, classified into thiee n ell-defined categoiies, 

Fust, Those cases nhicli exhibit neuiologic symptoms as their major 
manitestation 

Second, Those cases which exhibit vasculai symptoms as then major 
manifestation 

Thud, Those cases which exhibit a combination of both neuiologic and 
\ asculai sj mptoms 

These thiee classifications aie definitely sepaiated by diagnostic ciiteria 
which aie easily lecognued and classified They aiise fiom, and aie an ex- 
piession of, the majoi patholog} of the disease The causes of these conditions 
aie similai, but the expiession of the pathologic piocesses is different That 
is. compiession of eithei the neuiologic stiuctiiies or the vasculai ti links 
pioduces symptoms peciiliai to then iunctions It is the pathologic leaction 
ot these two difteient anatomic tissues eithei to inteimittent or to long con- 
tinued piessuie — 111 the neive tissues it is numbness, pain, paialysis and loss of 
lunction, in the vasculai stiiictuies it is model ate pain, edema, sw^ellmg, ob- 
stiuction of the blood flow finally ending in clotting m the vessels and, if 
serious enough, death of the tissues supplied by these \ essels 

This Iheoi} is ^ely simple and claiifies the diagnostic pioblems The 
location of the patholog} is confined to a small aiea in the neck but one wdneh 
is full of neives and blood i essels, suiiounded by muscles and osseous stiuc- 
tuies which have undeigone gieat and vital changes in the couise of evolution 
and embiyology iMany, if not all, of the diseases m this small region are the 
lesult of developmental defects At this jimctuie, a discussion of the em- 
biyology and the anatomy is necessaiy to an undei standing of the stiuctuies 
involved 

Embiyology of the Ceivicobiachial Region — Theie aie ceitain legions 
of the spine wdiich aie called “unstable” these legions he at the junction of 
one section of the spine wnth another, via the ceivicodoisal, doisolumbai and 
the lumbosacial junctions At an eaily stage of the development of the 
veitebiae all aie of the same geneialized type, latei, the veitebiae of each 
body segment assume then peculiai foims but it is not unusual foi one 
veitebia to assume some oi all of the chaiactenstics of the one above it oi 
below' It These vaiiations aie often of clinical impoitance The ceivical 
libs arise embiyologically fiom centeis of ossification in the anteiioi loot of 
the tiansveise processes of the seventh, sometimes the sixth, ceivical veitebra, 
these appear about the sixth month of fetal life In all of the cervical iibs. 
except the seventh, sometimes in the sixth, the centeis of ossification disappeai , 
fiom this centei, a iib may develop In the highei veitebiates, such as man, 
theie should be no ceivical iibs When the limb buds appeal, they ciow'd out 
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the lib ceiiteis, also, the development of the neives supplying the limbs en- 
cioaches upon the iib centeis and aids the limb buds, preventing then de- 
velopment 

At an eaily stage, the neives and limb buds grow out at light angles to 
the vertebrae, but with the giowth and mciease in size, they assume a down- 
waid position as the spine lengthens upwaid, which inci eases the dispropor- 
tion between the veitebiae and the nerve loots As this descent of the nerves 
takes place, a conflict aiises between the iib centeis and the gi owing nerve 
ti links This theory'^ may explain the disappearance of the ceivical ribs 
This legion is subject to othei changes in the aiiangement of the sympathetic 
and vasomotoi nerves as they aie leflected downwards and aie incoipoiated 
into the lowei neive trunks wheie they cause scveie pain and other changes 
111 function when any obstiuction is piessing on the neive ti links 

It is interesting to note that the first lumbai vei tebra occasionally develops 
a 1 lb comparable with the cervical i ilis , the embi yology maj’^ explain some of 
the painful lumbar spinal cases 

Anatomy of the Neck — Biiefly stated,'- the first rib is the shortest in the 
body, except the twelfth It lies m the boundai y between the neck and thorax, 
laigely undei covei of the clavicle, its posteiioi end is above the clavicle, 
and its anteiior end is immediately below the clavicle The gioove for the 
aitei)'^ IS about the middle of the body, the gioove for the vein is neaier the 
anterior end Between the gi ooves foi the ai tei y and the vein is a tubercle, the 
scalene tubercle, to which is attached the anteiioi scalene muscle and to the 
lOugh area on the iib, the suiface behind the gioove foi the artery gives 
insertion to the middle scalene muscle The greatei pai t of the anterioi ramus 
of the fiist thoiacic neive, on its way to join the biachial plexus, runs upwards 
and lateially m front of the neck and then lies in the posterioi part of the 
groove for the aiteiy, between the aiteiy and the scalenus medius In some 
cases, there is a special groove foi the lodgment of the fiist thoiacic nerve, 
01 the lowest tiiink of the biachial plexus, immediately behind the gioove foi 
the arteiy The first iib articulates with only one facet to the first thoiacic 
vei tebra 

The scalenus anteiioi aiises fiom the anteiioi tubeicles of the tians- 
verse piocesses of the third, fouith, fifth, and sixth ceivical veitebrae and 
luns down laterally to attach to the scalene tubeicle of the first rib in fiont of 
the subclavian aiteiy, the scalenus medius arises from the posterior tubercles 
of the tiansverse piocesses of the second to the sixth ceivical veitebiae 
Both muscles aid in respiiation, in fixing the neck, etc They are supplied 
by branches which arise directly horn the anteiior lami of the lowest four or 
five ceivical nerves Callendei''^ says that blanches from the seventh and 
eighth piimaiy divisions supply the longus colli and the scaleni When the 
ceivical rib is moie than 5 cm it displaces the subclavian artery and the 
biachial plexus upwards 

If the chest is lengthened by a ceivical iib, there is a higher arch and a 
shai per curve in the subclavian ai tery Unless the i ib is well developed, it is 
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loo shoit to suppoil the aiteiy, and may be ciossed only by the lower tiunk 
of the biachtal plexus The most fiequent lesults are the neive phenomena 
1 efei 1 ed to the ai m and hand due to pi esstii e on the lowei ti unk which is com- 
posed of the eighth ceivical and fiist thoiacic neives which supply the inner 
side of the hand and aim 

THEORIES OF THE ETIOLOGY OF THE CERVICOBRACHIAL SYNDROME 

(1) Compiession ot the neive tuinks as they pass between the scalenus 
anteiioi and the scalenus medius 

(2) Injuiy to the neive tiunks and the subclavian aiteiy as they cioss 
the 1101 mal iib oi a ceivical iib, oi aie obstiucted between clavicle and 
noinial oi ceivical iib 

(3) Injuiies to the sympathetic and the vasomotoi neives supplying the 
subclaMan aiteiy by the scalenus anteiior, oi ceivical iib, pioducmg vascular 
damage 

(4) Tiaumatism, diiect oi indiiect, of the scalenus anteiior muscle re- 
sulting 111 fibiosis and conti action, which compiess the neive tiunks and the 
subclaMan aiteiy 

(5) Embiyologic defects wdiich altei the course of the neive tiunks in 
1 elation to the scalene muscles and noimal oi ceivical ribs 

(6) Postuial 01 functional defects, such as dropping of the shouldei girdle, 
due to ill health, faulty postuial habits, occupational and vocational habits, 
ad^anced age, etc 

(7) Naiiownng of the uppei thoiacic cap as a lesult of adjacent infections 
01 anatomic defects 

(8) Acute infections pioducmg myositis 

(9) Intel mittent tiaumatism to the subclavian artery by cervical rib oi 
noimal rib, due to normal movements of the shouldei joint 

Discussion — ^The leceiit liteiatuie has numeious reports of cases piesent- 
mg the typical scalenus syndiome wnthout either a cervical rib or a com- 
pi essing first rib , the cause of the sjmiptoms seems to be limited to conti ac- 
tion of the scalenus anteiioi muscle Naffziger®*^ repoits i8 cases presenting 
symptoms of scalenus syndrome, 12 of which had no cervical ribs and six had 
very small ribs present but they w’^ere not observed at operation Tenotomy 
of the scalenus anteiioi muscle gave lelief of all of them The relief m a few' 
w'as delayed for seveial months In this leport, no mention was made of the 
condition of the cervical spine as to the piesence of arthiitis or other condi- 
tions which have been reported as possible etiologic factors MacDermott^® 
remarks that a normal fiist 11b may pioduce all of the symptoms of a cervical 
11b, Flothow'-^ leports tw'o cases Avithout ceivical ribs, one with a “nubbin” 
of a first rib, Edmgton^® likewise leports one case wnthout cervical rib or any 
other protubeiance wdnch might cause compiession, he cites cases from the 
literatuie (Muiphy, Moiley, Wood, Jones. Stopford,^® Wingate Todd and Tel- 
ford and Stopfoid) Haven,-^ also, cites tw'O cases fiom the Mason Clinic 
which presented the symptoms of scalenus syndrome with normal first ribs 
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and no cei vical i ibs Many othei s could be quoted fi om the i ecent literature 

These obseivations would suggest that theie is something besides bony 
malfoimations and anatomic defects which may be the underlying cause of the 
symptoms Opeiative success has demonstiated the lelief which comes from 
section of the scalenus anterioi muscle, but that docs not postulate a cause 
of the pathologic condition of the muscle involved , it merely states the results 
of a pathologic condition without defining or explaining its etiology What the 
etiology of scalenus anteiioi spasm is may be suimised fiom a variety of causes 
which have been suggested 

If scalenus spasm has been associated with cei vical rib, normal rib, fibious 
tissue foimation in the suiioundmg tissues, with oi without injury to the 
shouldei, following acute illness, etc , theie must be some definite, basic 
irritation acting upon the muscle which, undei a multitude of influences, be- 
comes spastic, constantly oi inteimittently, and pioduces neuritis or vascular 
occlusion in some degree which may be explained b}’’ piesupposing damage to 
the nerve supply In the pure cervical iib cases, constant and piolonged pies- 
suie upon eithei the neive ti links oi then sympathetic and vasomotor fibers oi 
upon the vessel walls and, also, then nei ve fibci s, seems to pi oduce all of the 
symptoms of scalenus synch ome Todd'”’ was among the first to advocate the 
theory of neivous distui bailees due to embiyologic defects as the cause of 
the aiteiial symptoms as well as the nenous oiigin of the neuiologic leactions 
The nerve supply'^ of the scalenus antciioi comes fiom the two lowest nerve 
ti links which aie the ones most compiessed, this may explain the tension 
of the scalenus muscle Telford and Stopfoich” support the same opinion as to 
the neurologic oiigin of the vasculai symptoms In 1914, Halsted showed 
experimentall}^ that the aneuiysmal dilation of an aitery is distal to the con- 
stiicting agent, this explains why aneuiysm of the subclavian arteiy is distal 
to the cei vical or noimal first 11b 


RnsuMi: 

This paper records a senes of case repoits with a paitial leview of the 
literature Twenty cases are repoited which have been examined by the 
writer Traumatism is emphasized as an etiologic factor in approximately 80 
pel cent of them Twelve cases iiere opeiated upon with satisfactoiy lesults 
except one case which was unsuitable for tenotomy of the antenoi scalene 
muscle 

A review of the cuiient hteratuie convinces one that the nomenclature 
should be simplified upon an anatomic or pathologic basis so that it will de- 
scribe and define the symptomatology more accuiately The leview fuither 
shows that there aie many diffeient pathologic conditions in the small aiea of 
the neck which are due to only a few anatomic sti uctures which have become 
abnormal in their functions These are the scalene muscles, cei vical ribs, noi- 
mal first thoiacic ribs, the clavicle, the cervical nerve trunks, the subclavian 
aitery, and the sympathetic and vasomotor neives 

The symptoms of disease of the structures are either those of neuritis or 
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vasculai pathology The aiea of disease is limited to the hands, arms, shoul- 
ders, side of the neck and side of the head , they ai e eithei vascular, neuro- 
logic 01 both combined In older to simplify the nomenclatuie and to express 
a more coiiect symptomatology, the teim “cervicobi achial s3mdiome” is sug- 
gested 
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Discussion — Dr Mims Gage: (New Oilcans, La ) I have enjoyed the 
presentation of both Doctois Donald and Ayneswoith, and especially that part 
which dealt with etiology and diagnosis In the Suigical Clinic at Tulane, we 
have been inteiested in the study of the scalenus anticus syndiome foi some 
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time In 1934, we piesented the two pievaihng theoiies (i) Todd’s failure 
of descent of the shouldei giidle, and (2) Jones’ low oiigm of the brachial 
plexus To these two we added “spasm of the scalenus muscle ” The latter 
we believed to be lesponsible foi the peisislence of this most inteiesting clin- 
ical entity I w'as able to confiim that spasm of the muscle w^as lesponsible 
foi the peisistence of the symptoms by blocking the scalenus aiiticus muscle 
wuth I pei cent novocain This resulted m relief of the symptoms for vaiying 
peiiods of time (longest, ten houis) In two cases of cervical 11b and thiee 
cases of scalenus anticus syndiome wnthoiit ceivical 11b, there w^as tempoiary 
lelief of symptoms, which is suggestive that spasm is lesponsible for the pei- 
sistence of symptoms Thei efoi e, I have been quite intei ested in ti ying to dis- 
covei the etiologic factoi 01 factois lesponsible foi the spasm of the scalenus 
anticus 

In conjunction woth Doctois Reed and Weed of the Department of Gross 
Anatomy, a study is now^ being made of the scalenus anticus muscle, its 01 igm 
and variations in attachment To oui suipiise, w^e have found that theie exists 
a scalenus anticus majoi and minoi in a numbei of the subjects, the biachial 
plexus and subclavian aiteiy passing between the scalenus majoi and minor 
m all cases m wdiich this condition has been found To date, 27 cadaveis have 
been dissected and w'e have found eight instances of scalenus anticus major and 
minoi This anomaly w'as found bilaterally five times, and w^as unilateral in 
thiee, two on the left and one on the light side In twm instances the biachial 
plexus was found to pass through the fibeis of the scalenus anticus muscle 
These findings may have a dnect beaiing upon the etiolog}'- of the scalenus 
anticus syndiome It will be of inteiest in all futuie operations peifoimed foi 
the lelief of this inteiesting clinical entity to thoioughly investigate the brachial 
plexus and scalenus anticus muscle and lepoit all anomalies found in this 
anatomic aiea We should deteimine the piesence or absence of the scalenus 
anticus inajoi and minoi as w'^ell as the passage of the biachial plexus thiough 
the above muscle 

Dr Lucian H Landry (New^ Oi leans, La ) It wmuld seem that there 
might be some misleading elements m the diagnosis of ceivical rib I am le- 
minded of this by four cases which w^'cie sent to the service of Doctor Matas 
with a diagnosis of subclavian aneuiysm, simply because the subclavian aiteiy 
was displaced 01 elevated by a ceivical iib and piodticed pulsation m the 
supraclaviculai space 

We did have one case of ceivical iib m a wmman wdio fell dowm a stairw'ay 
on shipboaid, and the tiauma, plus the pieexistmg ceivical iib, w^as instiu- 
mental m pioducmg a subclavian aneuiysm 

Dr Alton Ochsner (New^ Oi leans. La ) In addition to the diagnostic 
test which Doctor Gage has desciibed, I should like to call attention to a pro- 
ceduie wdiich we feel is of value m cases of scalenus anticus syndiome, and 
which can be simply performed If the scalenus anticus muscle is put under 
tension, the symptoms aie likely to be aggiavated and there is a likelihood of 
compiession of the subclavian aiteiy which can be detected by a diminution 
m pulse by such a maneuver As the scalenus anticus takes origin from the 
tiansveise piocesses of the uppei ceivical veitebiae, if the patient wnll extend 
his head and tin 11 the face tow^aid the affected side, thus thiowmig the attach- 
ment of the scalenus anticus backwvard and lotating the vertebrae to increase 
the tension of the scalenus anticus. one can make obseivations concerning the 
pulse This can be detected either by palpating the pulse or, giaphically, by 
means of oscillometiogiams taken befoie and after turning of the head 
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Because of a lecunence which wc had in one case following simple division 
of the muscle^ we believe that myotomy is not sufficient in cases of scalenus 
anticus syndiome but that an cxtiipation of a poition of the muscle should be 
peifoimeci m oidei to pi event biiclg-ing of the gap scat tissue and lecurrence 
of S3Mnploms 

As Doctoi Gage stated, we have found, mvaiiably, definite hypei trophy 
of the muscle, winch is piol)ably the lesult of its continued stimulation We 
believe that a vicious cii cle is set up , as a result of constriction of the muscle 
theie IS an nutation of the biacliial plexus which in tuiii causes contraction 
of the muscle and aggiavates the condition It was interesting to me that in 
Doctoi Donald's patients the most frequent occuiience was on the left side 
In oui exiienence the right side is usually involved in right-handed people 
Lvcn with ceivical iibs wdiich aie moie likely to be on the left than on the 
light the symptoms aie nioie likel}'- to be on the right side It is more fre- 
quent 111 wmmen and is likely to be aggravated by such motions as sw^eeping 

Dr K H Aynesw'Oriii (Waco, Tex, m closing) There is not much 
to add except to mention that there was a histoiy of traumatism m all cases 
except four Frequently the trauma is from diivmg a tractor If you have 
seen these m action, you know' how' they go over lough plow'ed ground and 
how' the shouldeis are subjected to possible injuiy Some of my patients have 
had to stop diivmg tractors to get lelief I devised a figui e-of-eight bandage, 
and w'hen they w'oie this they could drive, but if they left it off the pain le- 
turned I am not able to distinguish betw'een trauma and othei causes, but il 
3'ou lelieve the trauma you lelieve the pain It occurs to me that trauma plays 
a definite idle m the causation of the scalene syndiome The patient loses 
W'Cight and you have this dropping of the shoulders I am not yet leady to 
accept the theoiy that the scalenus disease is the sole cause of this syndrome 
I look upon the constricted muscle as a lesult of injury' to the nerves, and 
knowing the pathway' of the neive supply makes this theory most logical 
We know that the ceivical spine and the sacrococcygeal spine have lost their 
ribs and have a highlj' developed neive supply w'hich is greatly interfered w'lth 
111 subsequent development of these stiuctuies I stiongly suspect that many 
cases of lumbago may be explained on the same embryologic oi neurologic 
basis 
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Partial gastrectomy is the operation of choice for iiiti actable duodenal 
and gastiic ulceis This opinion is shared by all suigeons who have had an 
extensive peisonal expeiience with the procedure, and it is encoui aging to 
find that the greatest number of enthusiasts are included among those who 
have had the most expeiience The reason foi this tiend of thought is two- 
fold, foi the piesent moitality of 5 per cent following partial gastiectomy in 
competent hands is not gieatei than that following the moie limited opeia- 
tions, and the end-iesults aie infinitely better, because extensive removal of 
diseased gastiic mucosa leads to a lessened incidence of gastiojejunal ulcera- 
tion The operation of paitial gastiectomy is usually a straightfoi wai d pio- 
cedure, the peifoimance of which piesents no pioblem to the well-tiamed 
suigeon possessed of an intimate knowledge of the anatomy of the uppei ab- 
domen Howevei, an opeiation of this magnitude is not infrequently fraught 
with technical difficulties which may tax the skill of the most ingenious op- 
eiatoi It IS in circumstances like these that experience counts In oui own 
hands a mortality rate of 10 pei cent for a 15-year period has been reduced to 
5 pel cent during the past five yeais, and in the last 53 consecutive paitial 
gastrectomies for ulcer, theie has been but one death We attribute this low- 
eied moitality in part, at least, to an inci easing familiarity with the condition 
which has resulted in the adoption of what we believe to be improvements in 
our technic 

The essential steps of the operation are so veil standaidized that detailed 
refeience to them is unnecessaiy We will, therefoie, confine the discussion to 
those technical points which we consider to be of majoi importance 

Pjepaiation of the Patient foi Opeiation — Patients about to be submitted 
to partial gastrectomy must be put in the best possible physical condition The 
hemoglobin should be brought to at least 70 pei cent, by blood ti ansfusions if 
necessary Dental piophylaxis is an essential part of the piepaiation because 
of the necessaiy postopeiative peiiod of fasting On no account should opera- 
tion be undertaken m the piesence of lespiiatory tiact iriitation, and surgical 
piocedure should be postponed foi at least six neeks following even mild 
uppei lespiratory infections, since pulmonary complications following gas- 
tiectomy aie always serious The stomach is Avashed repeatedly Avith bi- 
carbonate of soda solution d uimg the two days previous to operation Just 

♦Read at the Fiftj -second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 ’ 
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befoic the patient is sent to the operating loom, a final lavage is given with 
half stiength he\yl-chloro-meta-ciesol, an antiseptic solution with a high 
phenol coefficient and low toxicity foi tissue cells, developed by Di Frank 
Haitman,! of our staff About 200 cc of this solution is left in the stomach 
by clamping off the indwelling tube until the operation begins, when the clamp 
IS leleased and the antiseptic is withdiawn with an aspiiating syiinge The 
oidmary cleansing enema is not sufficient to clear the colon, foi most of these 
patients have been on a low residue diet, and many of them have lecently had 
barium Theiefoie, lepeated oil letention enemata and colonic lavages are 
necessaiy to cleanse the colon 

Anesthesia — Mobilization, the keynote of successful gastio-mtestmal sur- 
geiy, can be accomplished best only m the piesence of peifect lelaxation We 
have found that spinal anesthesia, with nupeicam administeied by the Jones- 
method, best fulfills this requiiement Adequate anesthesia with this agent, 
lasting from two to three houis, is the lule lathei than the exception This, 
and fieedom fiom S3'Stemic depiession, makes nupercain stand in maiked con- 
tiast to the anesthesia of unceitain height and duration so commonly obtained 
with othei high spinal anesthetics Seconal, gr 111, given hefoie the patients 
leave foi the opeiating room plus a hypodermic injection of moiphine sul- 
phate, gr 34 > given aftei the nupeicam, insures a peaceful anesthetic peiiod 
foi even the most nervous patient Blood pressuie is maintained at normal 
levels by hypodeimic injection of ephediine, gr 13^2, and by the loutine in- 
travenous administiation of 600 cc of 10 pei cent glucose followed by 600 cc 
of citiated blood, foi we aie convinced of the necessit)'’ of avoiding anoxia’’ 
pioduced by sudden and pionounced fall in blood piessuie The good ap- 
peal ance of the patient at the conclusion of the opeiative pioceduie, and the 
excellent geneial condition on the following day, will convince the most skep- 
tical of the advantage of spinal ovei geneial anesthesia Atelectasis is just 
as common wnth the spinal anesthesia, but seiious pulmonaiy complications 
aie decidedly fewei 

Incision — We have continued to use the midline incision going diiectly 
thiough the hnea alba The skin incision eithei skiits to the left of the um- 
bilicus 01 excises this stiuctuie completely and usually extends two inches 
below it to piovide ample 100m This method of enteiing the abdominal 
cavity has the advantages of speed, bloodlessness, and of not enteiing any of 
the fascial spaces, so that if wound infection does occui, theie is minimal loss 
of impoitant stiuctuies It is important m sutuimg this incision to use in- 
teiiupted, nonabsoibable sutuies and to cleai away the fatty stiuctuie of the 
round ligament of the hvei so that the fascial edges of the hnea alba can be 
appioximated without inclusion of fat tags In oui expeiience, incisional 
hernia has not been any greatei than with 1 ectus 1 eflectmg or 1 ectus splitting 
incisions 

Mobilization of the Duodenum — Mobilization of tbe duodenum is begun 
by first identifying the common duct by fieeing the pyloius, after sectioning 
the leash of blood vessels constituting the 1 ight gasti ic artery We have found 
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that mobilization of the pyloius and duodenum is facilitated by encircling the 
prepyloiic aiea of the stomach with a img clamp we have devised (Figs 
I and 2), which acts as a handle and enables the suigeon to apply tension 



Pig I — xhe ring clamp foi applying traction to the duodenum 

to the duodenum m the desired diiection, theieby delineating the line of cleav- 
age between the duodenum and head of the pancieas Sliaip scalpel and gauze 



Fig 2 — Duodenum just before sectioning The McClure modification of the Furniss clamp is 
shown in place, with the ring clamp just provimal to the p^lorus 


fingei dissection will accomplish sepaiation of the supiapapillaiy poition of 
the duodenum and the pancieas m gastric, pyloric, and nonpenetrating duo- 
denal ulcers Howevei, in piactice, the suigeon seldom encounters any but 
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penetialing ulceis, for it is just this type that resists palliative measures and 
eventually comes to opeiation The chief dangei m dealing with penetrating 
ulceis IS of inadvei tently injuring the common bile duct because of distortion 
of tissue fiom the accompanying inflammatory reaction The best protection 
of the duct IS obtained, of couise, by identifying it befoie commencing the 
dissection and by lefcrring to it constantly dm mg the separation of the duo- 
denum fiom the pancreas Penetrating ulceis with small bases are usually 
opened into dm mg the couise of the fieeing of the duodenum, and all that 
is necessaiy, then, is to continue the mobilization distal to the ulcei bed until 
suflicient healthy duodenum is fieed to peiinit satisfactoiy closure A mini- 
mum of I cm IS leqmied \\'’hcn dealing with the larger penetiating ulcers, 
It IS best to open the anteiior wall of the duodenum close to the pjdoius in 
01 del to inspect the mteiior of the duodenum and to make ceitam that suffi- 
cient health)' tissue, to effect a closme, lies betw'een the infeiior margin of 
the ulcei and the papilla of Vatei If closure is still consideied feasible, 
the duodenum is dissected away fiom the pancreas, leaving the ulcer base 
undistuibed But if closme of the duodenum below' the ulcei is likely to 
icsult in encioachmcnt on the papilla of Vatei, it is advisable to section the 
duodenum pioximal to or even thiough the ulcei base, for expeiience has 
show'n that these ulccis will cicatii/e aftei divcision of the stomach contents 
The opeiation then pioceeds just as if the ulcei had been lemoved In cei- 
tain instances w'heie the amount of inflammatory leaction suriounding the 
penetiating ulcei is so gieat that the pyloius, pioximal duodenum, and pan- 
el eas appeal to foim a conglomeiate mass, w'e have found that it is good 
piactice to follow' the advice of Finsteiei and section the piepyloiic aiea of the 
stomach* instead of attempting to mobilize the duodenum The distal cut 
end of the stomach is closed by infolding aftei excising the mucosa 

Method oj Sectioning the Duodenum — We piefei the Fuiniss clamp 
method, because w'lth a minimal sacrifice of tissue, bleeding is controlled, 
spillage of duodenal contents is avoided, and the tied catgut sutme piovides 
an excellent medium of contiol foi the duodenal stump Theie ate, how'- 
evei, certain instances wheie, m spite of maximum mobilization, the duo- 
denum lies at such a depth in the w'ound that application of the standard Fui- 
niss clamp IS impossible oi is accomplished only w'lth great difficulty One 
of us (R D McC”’) has devised a modification of the Fuiniss clamp w'lth 
smallei blades and a detachable handle, theieby retaining all the advantages 
of the shilling punciple and permitting its application W'heie access is limited 
(Fig 3) The pyloius and mobilized duodenum are steadied w'lth the ring 
clamp The modified Fuiniss clamp is applied to the duodenum at the pro- 
posed site of section, closed by means of its detachable handle, and then 
locked A stimght intestinal needle sw'edged 111 No 00 chiomic catgut is 
then nisei ted tin ough the eye m the blades, thei eby fixing the shin ed margin 
of duodenum m the clamp A Kochei 01 a small Payi clamp is applied 
pioximal and close to the Furinss clamp, and the duodenum is sectioned 
(Fig 4) Both cut sui faces aie sw'abbed w'lth antiseptic solution, and the 
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pioximal end of the duodenum is enveloped m a gauze pad and turned over 
to the left ' 



Fig 3 — The modified Finniss cHnip 'with its detTchable Inndle 

Closioe of the Duodenal Stump — Closure of the duodenal stump is a 
most impoitant step m the opeiation of paitial gastiectomy, foi duodenal 
leakage is a seiious complication, and accounts for the majoiity of fatal issues 



Fig 4 — Duodenum after sectioning: The needle is being passed through the stump of the 
duodenum preparatory to remo\ing the duodenal clamp 

The handle of the modified Furniss clamp is detached, and the clamp is 
unlocked and removed The needle previously inserted through the eye m 
the blade is seized at its tip and drawn through the shirred duodenal edge, 
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bunging with it the chiomic catgut sutuie which is now tied, thus effectually 
closing the duodenum and controlling hemoirhage The ends of the catgut 
are left long and used as a handle to contiol the duodenum until a purse- 
stung sutuie of fine silk is put m the duodenal wall 2 cm fiom the line of 
section The cut end is mveited, and the suture tightened but not tied until 
three or foui Lembeit sutuies of fine silk aie inseited and tied (Fig 5) 
We make quite a point of delaying the tying of the purse-string suture until 
Lembeit sutuies aie put m and tied, foi then, if the puise-strmg suture 
bleaks, as not uncommonly occuis with fine silk, eversion of the cut edge 



Tic s — The closing of the duoclen'il stump The purse stniiR is being held while the inter 

ruptcd silk sutuies Tre pHced 

cannot occui The fiist row of Lembert sutuies is reinforced at intervals 
and the sutuie line further seemed with omental tags or adjacent pancreatic 
tissue 

P) esovation of the Middle Colic Aitciy — Injuiy to the middle colic 
artery is an easily avoidable complication of paitial gastiic lesection It is 
always endangered when the gasti ocolic omentum is sectioned, when the right 
gastro-epiploic aiteiy is ligated and when the posterior gastric wall is ad- 
herent to the anteiior leaf of the mesocolon, as occuis 111 the posterior wall 
of perforating gastric ulcers Piotection of the middle colic artery begins 
with identification of the vessel befoie any opeiative step is undertaken, con- 
tinues by constant reference to its position and ends only when the opening 
in the tiansverse mesocolon is sutured to the gasti ic wall as the concluding 
step in the operation A good practical rule to follow is not to clamp any 
large artery until one is certain that the vessel in question is not the middle 
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colic artery In sectioning the gastrocolic omentum, the lesser peritoneal 
cavit}’' should be enteied fiist and the gastric colic omentum separated from 
the tiansveise mesocolon It is well to beai m mmd that the gastrocolic 
omentum has no vascular connection with the tiansverse colon, so that any 
structuie with blood vessels entering the colon must be mesocolon and, there- 
foie, should not be cut 

Ligation of the Left Gastac Aiteiy — Mobilization of the stomach is com- 
plete only when the left gastiic aiteiy is sectioned This vessel aiises from 
the celiac axis and runs foiwaid and upwaid towaid the posteiioi wall of 



\ 


Fig 6 — The isohtion of the left gastric arter> 

the stomach in a fold of peritoneum, known as the gastropancreatic omen- 
tum ® Branches are supplied to the posterioi wall of the stomach while the 
mam tiunk of the vessel luns towaid the caidiac end of the stomach and then 
loops downward between the two layeis of the gasti ohepatic omentum where 
it gives off teiminal branches to the lessei cmvature It is obvious, there- 
foie, that ligation of this vessel m the lessei omentum controls only a poitioii 
of the blood supply and does not effect complete mobilization of the organ 
We have been greatly impressed n itli the advantages of ligating the left gas- 
ti ic aiteiy close to its oiigin and sectioning it togelhei with its en\ eloping 
ligament, the gasti opaiici eatic omentum, a stiuctuie vhich fixes the stomach 
111 this legion If the stomach is pulled well ovei to the left aftei severing 
the duodenum, the aiteiy and its ligament stand out as a firm cord-like struc- 
tuie which IS easily isolated and clamped (Fig 6 ) 
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Amount of Stomach Removed — In common with all who have had ex- 
tensive expeiience with gastiic lesection foi ulcer, we have gradually in- 
ci eased the amount of tissue lemoved until now we believe that from two- 
thiids to tin ee-quai tei s of the stomach should be lesected Ceitainly, high 
lesections do not cany any greatei moitality than the more limited pylorec- 
tomies 01 antiumectomies, and the lesults as indicated by our follow-up 
system aie infinitely bcttei We have been impressed with the high inci- 
dence of chionic gastiitis found in association with duodenal ulcer, and have 



Fig 7 — The 1 irRC Pim chmi>s in pHcc showing the on the of the proxinnl chnip 

come to believe that the excellent lesults following partial gastiectomy must 
be due in no small pai t to the i emoval of diseased gastric mucosa The gam 
m weight and letuin of the feeling of well-being expeiienced by patients 
subsequent to opeiation aie gieatei than can be accounted for by simple 
lelief fiom lecuiiing attacks of gastiic distiess Tins opinion, stressed for 
many yeais by European suigeons,’^ has not leceived the attention it deserves 
m this countiy 

We have not had any expeiience with the dePetz clamp but employ two 
laige Pa}^ ciushmg clamps, dividing the stomach with a scalpel between 
them (Fig 7 ) The gastiic tissue piotiuding thiough the pioximal clamp is 
then swabbed with the antiseptic hexyl-chloi o-meta-ci esol To oveicoine slip- 
ping of the gastiic wall fiom the Payi clamp in high lesections, we have added 
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a hinged bai threaded with a wing-nut to the tip of the pioximal clamp 
(Fig 8) After the clamp is closed, the extia piessuie exeited by tighten- 



Fig 8 — The hige P^\r cHmo \\ith the nut on the j'lus 



Fig 9 — 'The jej tin'll loop brought up to the stomnch through nu opening in the mesentert 

of the colon 


mg the nut is sufficient to mamlam a film giasp on the stomach ^\all and thus 
obviates escape of gastric contents 
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Relative Position of the Jejunum and Colon — In spite of the fact that 
many suigeons® now favoi the antecohe position of the jejunum, we have 
continued to bung it thiough a lent in the mesocolon placed as far as pos- 
sible fiom the colonic inaigin, and so fai have had little leason to discredit 
this method In the last 50 patients, we have had tiouble only once with 
obstiuction to the gastiic outlet At icopeiation, a phlegmonous condition 
of the anastomotic site was found, but we neie unable to detect whether it 
was due to catgut alleigy or mild infection It is true that in this paiticiilai 



Tig 10 ■ — The portion of tlit stonnch on the Ic'^scr cun'iluic *ticle his been closed The proMiml 
jejunum Ins been brought to the lesser curvature anti the disinl jcjiimim to the greater curvature 

instance some of the difficulty might have been obviated if an antecolic posi- 
tion of the jejunum had been used, foi the mesocolon was veiy definitely 
involved 111 the mass We leave only just enough jejunum pioximal to the 
anastomosis to guard against kinking when the stomach is allowed to fall 
back into position, foi it appeals to us that the closei to the duodenum the 
anastomosis is eflfected, the moie neaily will be the appioach to the 1101 mal 
physiologic relationship of the stomach and small intestine An isoperistaltic 
relationship of the stomach and jejunum is maintained by placing the prox- 
imal jejunum in apposition with the lessei cuivatuie of the stomach, be- 
cause the duodenal contents aie moie likely to be deflected past the gastuc 
stoma than if an antipenstaltic union is made (Fig 9) 
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Anastomosis of Stomadi to Jejunum — \Ne now prefer the Hofmeister- 
Finsterei® type of anastomosis, because the valve foimed by the closed end 
of the stomach above the anastomotic stoma deflects the duodenal contents 
along the jejunum lathei than into the stomach as occuis with the Reichel- 
P 61 ya^° technic This observation has been veiified on many occasions by 
finding that the bile appeals m the gastric tube 24 hours later and is defi- 
nitely less in amount after the Hofmeister-Finsterer anastomosis Further- 



Fig 1 1 — The suturing of the posterior wall of the stomach to 
the jejunum 

more, since abandoning the Reichel-Polya operation, our patients have not 
complained of occasional vomiting of bile, a complication that not infre- 
quently occuiied with this technic 

In closing the cut end of the stomach above the proposed anastomotic site 
’ (Fig 10), we have found it convenient to commence the interlocking catgut 
suture at the upper limit of the stoma lathei than at the lesser curvature 
This provides a fixed point to work fiom and facilitates the infolding of the 
upper angle because of the dovnwaid ti action that can be exerted by the 
catgut The suture is then carried back to its starting point, using the con- 
tinuous Lenibeit stitch A second row of interrupted Lembert sutures of fine 
silk on milliner’s needles is then put in, beginning at the lesser curvature and 
continued down to the proposed anastomotic site The last two Lembert 
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sutuies of fine silk aie not tied, but the ends aie giasped with an aitery clamp, 
and they aie laid aside until the anastomosis is completed Tying these two 
sutuies aftei the anastomosis is made, moie effectively closes the so-called 
dangeious angle Ihis aiea icceives additional suppoit when the jejunum 
pioximal to the stoma is united to the pieviously closed end of the stomach 
In fashioning the anastomosis, two points are wmilhy of attention The 
hist IS to guaid against rotation oi kinking of the jejunum hy using guide 



Tig 12 — The completed ainstomosis ‘showing the reinforcement of the 
closed portion of ‘^tonneh h^ jejunum 

sutuies to fix the two ends of the line of sutuie uniting the stomach to the 
jejunum (Fig ii), and the second is to inseit the posteiioi continuous sutuie 
between the visceia well towaid the mesenteiic boidei of the jejunum so that 
sufficient jejunal wall lemains foi the antenoi low of inteirupted silk sutuies 
aftei the encii cling continuous catgut sutuie is put in It is also impoitant 
when leinfoicing the lowei angle of the anastomosis to take only small bites 
with the sutuie on the jejunal side lest nai lowing of the jeunuin below the 
stoma should occui (Fig 12) 

Closing oj the Apotw e in the Mesocolon — The opening of the mesocolon 
is placed as close to the spine as possible and to the left of the main trunk of 
the middle colic artery to guaid against involvement of the colon, should an 
anastomotic ulcer develop, and to prevent injury to the artery when the open- 

754 





McCLURE AND FALLIS 


Annals of Siircen 
a y 10 4 0 


Postopoahve Cmc — Continuous gastric suction has solved many of the 
pioblems of postoperative care, and we considei that its use constitutes the 
greatest single advance in surgery of the stomach We leave the tube m the 
stomach thiough the fouith postopei ative day, and on the fifth day the tube 
IS clamped off at foui-houily mteivals When the foui -hourly residue is less 
than TOO cc , the tube is lemoved Dunng the peiiod the tube is in place, the 
patient is allowed chipped ice and small amounts of water at frequent intervals, 
all of wdiich tend to allay thiist and contiibute much to the patient’s comfort 
Aftei lemoval of the tube, w-atei is given in inci easing amounts, and when 
it IS w'ell tolerated, milk and watci, half-and-half, aie substituted If all goes 
w'^ell, cieam and milk aie given at icgulai intenals, and giadually the diet is 
inci eased until the patient is able to tal c a bland diet Alkaline pow^der or 
amphogel is administcied icgularly to contiol any tcndcnc}' to h3'peracidity It 
IS w'cll to piocecd with caution, and if thcic is ain evidence of food intolerance, 
licpiid diet should be icstoied and then giadually inci eased In general, the 
chief souicc of diflicult) is the tendency to incicase the diet too rapidh' 

SuMMAin — A dcsciqition with illustiations of the authors' method of 
handling some of the imjioi tant steps in paitial gastrectomy is piesented No 
attempt IS made to considei the opeiation in full The discussion is based on 
the authois’ peisonal expeiience with the pioblems 

CONCLLsIONS 

The opeiation of paitial gasticctomy is a pioccduie of some magnitude 
Success IS due to many faclois, chief of which is the peisonal expeiience of 
both the assistant and the suigeon and foi which theie is no substitute Second- 
ai}' factois aie the ])iopci anesthetic, pievcntion of shock during opeiation, 
and adequate postopei ative caie It is not an operation that should be undei- 
taken by the occasional opeiatoi 
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Discussion — Dr Samuel F Marshall (Boston, Mass) I considei 
It a pleasuie and piivilege to have the oppoitunity of discussing Doctoi Mc- 
Cliue’s paper, because I was with him foi so many years before I went to 
Boston 

In the Lahey Clinic the management of patients with gastric 01 duodenal 
ulcei IS conti oiled by the Depaitment of Gasti o-Enterology Consultation 
with membeis of the Surgical Staff is obtained foi those patients who have 
failed to obtain relief of then ulcer distiess by conseivative medical measures, 
01 for those patients 111 whom some seiious complication of chronic ulcei has 
developed, such as repeated massive hemorrhage, obstiuction, etc By this 
method, suigical management has been necessaiy in only 8 2 pei cent of cases 
of duodenal ulcers, and m 23 per cent of cases 111 which a diagnosis of gastric 
ulcei was established 

Doctoi Lahey has always advocated conseivatism m the suigical manage- 
ment of patients with ulcei and, because of the magnitude of the opeiation, has 
been slow m accepting subtotal resection of the stomach as the method of 
choice foi these patients until it was pi oven that the best results weie ob- 
tained by this opeiation This is indicated by the gradual inciease in the 
numbei of subtotal gastrectomies dining the past ten years Ten years ago, 
of those patients with ulcei who weie submitted to opeiation, 70 pei cent 
had a conservative opeiation, and 30 pei cent had a resection To-day, 70 
per cent have lesection, wheieas only 30 pei cent have conseivative opeiative 
procedures, an exact leversal We piefei subtotal lesection of the stomach 
foi either duodenal or gastric ulcer, but we do not hesitate to employ gastro- 
entei ostomy m a few selected cases, chiefly m those patients who ai e bad risks 
foi an extensive operation, or 111 those patients who are past middle age, who 
have a low gastric acidity and who have a high gi ade of cicatricial obstruction 
While It may be conceded that the best results fiom surgical manage- 
ment of ulcer follow high 1 esection of the stomach, the real criterion foi its em- 
ployment IS, can this opeiation be peifoimed with a reasonable maigm of 
safety ^ Doctor McClure has demonsti ated that, with meticulous attention to the 
details of the opei ation, the moi tality can be kept at a very low level His re- 
port of one death 111 53 subtotal resections for ulcer is indicative of this 

Our lesults following this operation have been somewhat similai to those 
of Doctoi McCluie The most important single factor in reduction of the 
mortality is expeiience with this type of gasti ic surgery, and m most instances 
this experience has been painfully acquired A number of years ago, in the 
Lahey Clinic, our moi tality with this operation was 18 per cent — a prohibitive 
mortality, then it Mas ii pei cent, and, finally, m our last series of cases, 
one death occuiied m 88 consecutive resections for ulcer We have included 
lesection foi gasti ojejunal ulcei m this group 

In addition, then, to the veiy important factor of experience, meticulous 
attention to the technical details of the operation makes it possible to perfoim 
this piocedute ivith a low moi tality Doctor McClure has emphasized the 
painstaking care necessaiy thioughout the opeiation, and we can state, from 
oui oivn expeiience, that this is absolutely necessar} if a high mortality is to 
be avoided 

Oui technical procedure differs somewhat from the procedure which Doc- 
toi McClure employs, but, m the mam, these differences are not of great 
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Postoperative Caie — Continuous gastric suction has solved many of the 
pioblems of postoperative care, and -we consider that its use constitutes the 
greatest single advance in surgery of the stomach We leave the tube in the 
stomach through the fourth postopeiative day, and on the fifth day the tube 
is clamped off at four-houily inteivals When the foui-houily residue is less 
than 100 cc , the tube is lemoved Dining the peiiod the tube is in place, the 
patient is allowed chipped ice and small amounts of water at frequent intervals, 
all of which tend to allay thirst and contribute much to the patient’s comfort 
After removal of the tube, watei is given in increasing amounts, and when 
It IS well tolerated, milk and water, half-and-half, aie substituted If all goes 
well. Cl earn and milk aie given at legulai inteivals, and giadually the diet is 
inci eased until the patient is able to tale a bland diet Alkaline powdei or 
amphogel is administered legulaily to contiol any tendency to hyperacidity It 
IS well to pioceed with caution, and if theie is any evidence of food intolerance, 
liquid diet should be lestoied and then gradually increased In geneial, the 
chief souice of difficulty is the tendency to inciease the diet too rapidlv 

SuMMAR\ — A desciiption vith illustiations of the authors’ method of 
handling some of the impoitant steps in paitial gastiectomy is piesented No 
attempt is made to considei the operation in full The discussion is based on 
the authois’ pcisonal expeiience with the pioblems 

CONCLUSIONS 

The opeiation of paitial gastiectomy is a pioceduie of some magnitude 
Success IS due to many factois, chief of which is the peisonal expeiience of 
both the assistant and the suigeon and foi which theie is no substitute Second- 
ary factors aie the piopei anesthetic, pievention of shock dm mg opeiation, 
and adequate postoperative care It is not an operation that should be undei- 
taken by the occasional opeiatoi 
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Discussion — Dr Samuel F Marshall (Boston, Mass ) I consider 
It a pleasme and piivilege to have the oppoitunity of discussing Doctoi Mc- 
Chiie’s paper, because I was with him foi so man)*' yeais before I went to 
Boston 

In the Lahey Clinic the management of patients with gastric or duodenal 
ulcer IS conti oiled by the Depaitment of Gastio-Enteiology Consultation 
with membeis of the Surgical Staff is obtained for those patients who have 
failed to obtain lehef of their ulcei distiess by conseivative medical measuies, 
01 foi those patients m whom some senous complication of chronic ulcei has 
developed, such as repeated massive hemoirhage, obstiuction, etc By this 
method, suigical management has been necessary m only 82 per cent of cases 
of duodenal ulcers, and in 23 per cent of cases in which a diagnosis of gastric 
ulcei was established 

Doctor Lahey has always advocated conseivatism m the suigical manage- 
ment of patients with ulcei and, because of the magnitude of the operation, has 
been slow m accepting subtotal resection of the stomach as the method of 
choice foi these patients until it vas proven that the best results were ob- 
tained by this operation This is indicated by the gradual increase m the 
number of subtotal gastrectomies dining the past ten years Ten years ago, 
of those patients with ulcei who weie submitted to operation, 70 per cent 
had a conservative operation, and 30 pei cent had a resection To-day, 70 
per cent have resection, wheieas only 30 pei cent have conservative operative 
procedures, an exact reversal We prefer subtotal resection of the stomach 
for either duodenal 01 gastiic ulcer, but we do not hesitate to employ gastro- 
enterostomy m a few selected cases, chiefly in those patients who are bad risks 
foi an extensive operation, or m those patients who are past middle age, who 
have a low gastric acidity and who have a high grade of cicatricial obstruction 
While It may be conceded that the best results from surgical manage- 
ment of ulcer follow high 1 esection of the stomach, the real criterion for its em- 
ployment IS, can this operation be performed with a reasonable margin of 
safety ^ Doctor McClure has demonstrated that, with meticulous attention to the 
details of the operation, the moi tahty can be kept at a very low level His re- 
port of one death m 53 subtotal resections for ulcer is indicative of this 

Our results following this operation have been somewhat similar to those 
of Doctor McClure The most important single factor 111 reduction of the 
mortality is experience with this type of gastric suigery, and 111 most instances 
this experience has been painfully acquired A number of years ago, in the 
Lahey Clinic, our mortality with this operation was 18 per cent — a prohibitive 
mortality, then it was ii per cent, and, finally, in our last series of cases, 
one death occurred in 88 consecutive resections for ulcer We have included 
resection for gastrojejunal ulcer m this group 

In addition, then, to the very important factor of experience, meticulous 
attention to the technical details of the operation makes it possible to perfoim 
this procedure with a low mortality Doctor McClure has emphasized the 
painstaking care necessary thioughout the operation, and we can state, from 
oui own experience, that this is absolutely necessaiy if a high mortality is to 
be avoided 

Our technical procedure differ s somewhat from the procedure which Doc- 
tor McClure employs, but, in the mam, these differences are not of great 

757 



McCLURE AND FALLIS 


Annals of Surccn 
Mdy 1940 


impoitance We employ, almost routinely, a modified Hofmeistei method of 
gastrojejunostomy It is well to emphasize that if resection is decided upon, 
it should be ladical, at least three-foui ths to foui -fifths of the stomach should 
be lemoved m all instances The best results follow such an extensive lesec- 
tion, and lecurience of the ulcei is less apt to lesult aftei high lesection 

We have not piepaied oui jDatients befoie opeiation with the type of 
antiseptic that Doctoi McCluie mentions, and we have had no experience 
with such an antiseptic We know that the stomach will steiihze itself lapidly 
in the presence of normal gastiic acidity, and this is particularly true in the 
presence of high acidity which so commonly accompanies ulcer Cushing 
demonstiated this fact years ago Consequently, we stop all alkaline therapy 
several days befoie opeiation, and as a result can practically eliminate the 
incidence of infection following operation 

We have employed the dePetz clamp m practically all of oui resections 
It enables us to reduce the time of the opeiative procedure, pi events spilling 
of gastric contents, and controls hemoiihage fiom the divided end of the 
stomach 

Another point of interest is whether the antecohc or a transmesocohc 
anastomosis should be employed Aftei considerable experience, we have 
adopted the use of the antecohc gastiojej unostomy This method reduces 
the operative time and, in oui experience, postopei ative obstruction prac- 
tically never occuis 

It must be lemembered that ulcei s will lecui, even with high resections of 
the stomach, though fortunately mfiequently Should such an ulcer follow a 
high resection, it is immeasuialDly easier to resect if an antecohc anastomosis 
has been made than if posteiior anastomosis has been employed We, too, 
routinely employ spinal anesthesia, using nupercain in i 1,500 dilution, and 
believe this anesthesia is a considerable factor in inci easing the margin of 
safety 

I think Doctoi McCluie is to be congiatulated upon his excellent lesults 
following subtotal resection of the stomach for ulcer 
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CoLmiBiA, S C 

In 1936, McGehee and Andeison^® lead a paper before this association 
on “Chionic Obstiuction of the Duodenum of Congenital Oiigin,” which 
they say is a definite pathologic and clinical entity amenable to surgical treat- 
ment As do most wi itei s, they limit discussion to obstruction of the terminal 
duodenum lesulting from impeifect lotation of the intestine so that the duo- 
denum is twisted upon itself 01 is compiessed by the superior mesenteiic 
blood vessels, which causes chionic dilatation of the pioximal duodenum 
denionstiable both i oentgenologically and at opeiation Madigan^’’’ repoits 
a case in which the distended second portion of the duodenum filled the pelvis, 
and in Higgins’^^ 56 cases of duodenal obstruction from all causes the duo- 
denum was found distended in eveiy case 

In contrast to this, we shall biiefly lepoit thiee cases of chionic obstiuc- 
tion of the pioximal duodenum fiom developmental bands deiived fiom 
the anterior mesogastiium In none was the duodenum found dilated 

Bland-Sutton has called the duodenum the region of embryonic events 
The first poition is derived from the foiegut and is compai atively free fiom 
extrinsic developmental anomalies The second and thud portions, howevei, 
come from the midgut which is, embr} ologically, the most active portion of 
the intestine and affoids mci eased oppoitunity foi developmental error 
Harris^ has called attention to the obstiuctmg effect of congenital bands 
which, crossing the second poition of the duodenum fiom below, pass upwaid 
to the right and terminate m the region of the gallbladdei They are the 
anomalous remains of the antei lor mesogasti mm which has failed to follow its 
dcA^elopment to the noimal conclusion Although found by anatomists long 
ago, the mechanical effect of these bands on the duodenum has only lecently 
been appreciated by suigeons Occuiiing as broad bands of fibious adhesions 
lying obliquely acioss the duodenum, these “cobwebs 111 the attic” of the 
infant, although of embryonic origin, are not unlike the adhesions m this 
legion in adult life resulting fiom chronic inflammation 

In the infant, obstiuction of the duodenum may be intrinsic or extiinsic 
in origin Complete obstiuction is most fiequently caused by atresia of the 
intestine, incomplete, by congenital pyloric stenosis Both are intiinsic in 
type 111 distinction from obstruction by congenital bands wdiich is extimsic 
Preopeiative diffei entiation m cases of complete obstruction is most often 
impossible but m incomplete obstiuction it can usually be made Congenital 
pyloiic stenosis, as a lule, occuis 111 the first male child and symptoms 

*Read at the Fifty-second Annual Meeting of the Southern Suigical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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begin m the second or third week after birth The obstruction being above 
the ampulla of Vater, bile does not enter the stomach and is not found in the 
vomitus Donovan^^ says the pathognomonic olive-shaped tumor mass of 
hypertrophied muscle may be felt m every case of congenital pyloric stenosis 
if the examination is made with the stomach empty and the child relaxed 
In sharp contrast to this, when the proximal duodenum is obstructed by 
congenital bands, vomiting starts soon after feedings begin The vomitus in 
oui three cases contained bile Pattern-waves, from peiistaltic conti action 
of the stomach wall and piojectile vomiting of ingested food, were present 
111 both infants opeiated upon by us In none of oui cases was the duodenum 
dilated, for in all, both the first and most of the second portions were hypei- 
fixed and constiicted Dilatation from obstruction develops only in segments 
of the intestine proximal to an obstruction 

The piedominant symptoms are nausea and vomiting, usually beginning 
with the first feedings of the newborn If the obstiuction is incomplete, there 
are periods of exacerbation and i emission Peisistent gastiic stasis in the 
infant, as m the adult, suggests obstruction, the degiee of which may be 
learned from clinical obseivation and from roentgenologic stud}^ As the 
child becomes older, m spite of eveiy caie, the clinical picture is that of 
chronic starvation of vaiying severity depending upon the degiee of obstiuc- 
tion Sickly and undeinouiished, the patient instinctively avoids bulky foods 
Insufficient food lesidue causes small, infiequent, scybalous movements rather 
than true constipation Oldei children, after eating, complain of gaseous 
distention and epigastiic distress which is leheved by vomiting 

The piognosis depends upon the degiee of obstiuction and upon the man- 
agement of the individual case When the obstiuction is complete, oiieiation 
IS impel ative High intestinal obstiuction, fiom all types of congenital lesions, 
piobably occuis about once in every 20,000 births Nevertheless, Miller,® 
in 1939, found in the hteratuie only five cases of complete obstiuction of 
the duodenum in the newborn, due to abnormal bands, which lecovered 
Although, as was shown in the discussion of his papei, he underestimates the 
true numbei of successful cases, when the probable incidence is kept 111 mind 
the pitifully small number of successes eloquently speaks the need for lec- 
ognition of the condition When the obsti uction is incomplete, chronic starva- 
tion of varying degiee may continue even into adult life KantoH ® presents 
correlated loentgenologic and opei ative findings to suppoit his estimate that 
4 to 5 pel cent of the cases of epigastiic discomfoit m adults are due to 
congenital bands or othei anomalies It is an inteiesting fact, however, as 
pointed out by Nook, that most people with anomalies of lotation go thiough 
life without evei becoming awai e of them 

Symptoms of incomplete obstruction not leheved by medical treatment, 
continued for a leasonable time, demand suigical exploiation Before opeia- 
tion glucose and noimal salt solution should be administeied to overcome 
dehydration and to pi event acidosis At operation, with the stomach pulled 
to the left and the livei letracted upward and to the light, the constricting 
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bands may be demonstiated They should be cut along the avascular, outer 
margin of the duodenum as it is mobilized by being gently pulled mesially 
and to the left In young infants feeding should be begun early, as after 
the Rammstedt opeiation foi congenital pyloric stenosis When free, con- 
genital bands do not seem to reform, and recuirence of the obstruction has 
not been reported 


CASE REPORTS 

Case I -Twenty-four hours after a normal delivery, a female infant began vomit- 
ing At the end of 48 hours, the vomiting became projectile in tvpe and contained food 
particles stained a deep yellow When seen on the third day, the upper abdomen was 
distended and the stomach visibly outlined Typical peristaltic waves passed from left 
to right, but no mass could be palpated The obstiuction was thought to be below the 
level of the ampulla because the vomitus contained bile 

At operation, the gallbladder, duodenum and transverse colon were adheied and 
the stomach distended due to duodenal obstruction The adhesions were freed and the 
fiist portion of the duodenum released from bands which flattened and obstructed it 
There were additional adhesions along the second portion w^hich w'ere also released 
The postoperative course was une\entful and to date, four years later, the patient has 
remained w’ell 

Case 2 — R Isl S , a bottle fed boy, age six months, the mother’s first child, w'as 
admitted to the Columbia Hospital, for the relief of vomiting and progressne loss of 
w'eight He had always been constipated and had vomited often After being treated 
bj a pediatrician at the age of three months, he improved but after five months con- 
tinuously lost W'eight from vomiting Fluoroscopic examination show'ed barium passing 
verj slow'lj through the duodenum, instead of rapidly as in the normal infant Theie 
was almost 50 per cent retention in the stomach after five hours 

At operation, the fiist and second portions of the duodenum w'ere found flattened and 
partially obstructed bN fibious bands passing across them from the transveise colon to the 
under surface of the livei These w’ere freed Postoperatively, the patient has had com- 
plete relief from digestive symptoms and is w'ell to-day, three years after operation 

Case 3 — J S, a boy, age ii, entered the Columbia Hospital, complaining of pei- 
sistent vomiting He w'as an only child His mother gave the significant history that he 
had vomited every day of his life As an infant he nursed greedily and after a few’ 
minutes vomited He had repeated attacks of rickets and of acidosis As a child his 
appetite was poor and solid food made him ill 

Physical examination on admission w'as negative, except for pallor, w'eakness and 
emaciation The abdomen w’as flat and w’lthout tenderness or masses The hemoglobin 
W’as 60 per cent Fluoroscopic stud}’ of the stomach aftei ingestion of barium showed 
marked retention w'lth incomplete obstruction at or near the p}lorus 

Surgical exploration, undei ether anesthesia, was performed through a right rectus 
incision The first and second portions of the duodenum w'ere paitially obstructed by 
transverse fibrous bands w'hich extended to the undei surface of the right lobe of the 
liver The duodenum w’as constricted and flattened, being pulled upward, and somew’hat 
angulated The pylorus w'as normal As the bands were separated and the duodenum 
mobilized, the intestine assumed its normal position and contour Following operation 
there never w’as any nausea The patient enjO}ed his meals for the first time in his life, 
and has been normal in every w'ay during the eight years since operation 

In summary, we wish to call attention to the fact that Case i had at bn th 
complete chionic obstruction of the proximal duodenum by congenital bands 
Early opeiation, we feel, undoubtedly saved the baby’s life Cases 2 and 3 
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had incomplete obstiuction, and were six months and ii years old, lespec- 
tively, at the time of opeiation They had both i cached a severe degree of 
chionic starvation before being subjected to exploration, in spite of the fact 
that in both, symptoms suggestive of obstruction had been continuously pres- 
ent since birth Both had been repeatedly under the care of well-known 
clinicians who had vainly sought relief by dietary methods 

While we aie admittedly dealing with a rare condition, we are convinced 
that the lole played by congenital anomalies of the intestine m chronic diges- 
tive disorders is not appreciated We believe there have been many lives 
lost in infants because of the failuie to lecognize the mechanical obstruction 
as the cause of vomiting and because of unwise and unwai ranted persistence 
m dietary legimen In oui opinion, many young adults are, also, similarly 
mistreated 

We urge the judicious employment of the barium meal for the lecognition 
of high obstruction Howevei, uhen involvement is lower m the intestinal 
tiact the danger of piecipitating an acute obstiuction by the ingestion of 
barium must be considered The necessity for surgical exploration m cases 
with obstructive symptoms that do not icspond to medical treatment we think 
is so obvious that it is mandatoiy 
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DiscliSSion — Dr L W Grove (Atlanta, Ga ) I would like to piesent 
two cases to emphasize two points Fust, as suggested by Doctoi Doughty 
and recently by Doctoi Ladd, that anomalies of the gastio-mtestinal tiact aie 
much moie frequent than we realize, and that while definite anomalies may 
exist they often present no symptoms until complicated by some acute abdomi- 
nal pathology, and, second, to call attention to a veiy unusual complication 
aiismg m a case of acute lymphatic leukemia 

CASE BEPORTS 

Case I —The first case came to us m 1933, a young woman, age 19, in perfect health 
until two months before admission to the hospital, at which time she suffered an acute 
abdominal catastrophe, diagnosed, and I think correctly, as acute mesenteric adenitis Fol- 
lowing this she began to have recmient attacks simulating a high intestinal obstruction 
A roentgenologic study confirmed the diagnosis of a paitial obstruction high m the 
jejunum It also showed a nomotation of the colon These findings were confiimed at 
operation The cecum had not lotated beyond the midline It was behind the small bowel 
which was rotated to the left on the supenoi mesenteric root, with loops of jejunum 
adherent to nodes m the roots of the mesentery at seveial points, causing multiple points 
of partial obstruction The small bowel was freed at these points and rotated into noimal 
position The cecum was then rotated and fived in its normal position She has had no 
further trouble 

Case 2 — ^The second case was a child, two j^eais old, who came under obseivation 
two 3 ears ago Appai entlj’', she had been well until two weeks before admission, at which 
time there was evidence of acute tonsillitis, accompanied by vomiting The tonsillitis 
quickly subsided but she continued to vomit There were enormous amounts of bile in 
the vomitus and, apparentlj^ verj' little food was passing through the stomach At this 
time, roentgenologic examination w^as made, which showed definite obstruction with 
marked six-hour gastric retention At the end of 24 hours, there was almost complete 
obstruction of the third portion of the duodenum She was operated upon, and there was 
found almost complete obstruction of the duodenum caused by pressure from the superior 
mesenteric vessels In this area there were several mesenteric nodes matted together, 
which caused complete fixation of the mesenteric root A duodenojejunostomy w'as per- 
formed, without clamps Her convalescence was uneventful, without further vomiting, and 
she was dismissed from the hospital at the end of two weeks Two months later, she 
was readmitted Examination revealed a generalized adenopathy, a high temperature, 
purpuric spots and a blood picture diagnostic of an acute lymphatic leukemia Un- 
fortunately, autopsy was not obtained The enlaiged mesenteric nodes found at operation 
were probably the first evidence of the leukemia, which was not recognized at that time 

Dr K H Aynes worth (Waco, Tex ) I have, for a long time, been 
veiy much interested m the embryologic significance of this region We 
know that, in the ev'olution of man, many changes took place which have 
pathologic significance Some of these changes are similar to the scaffolding 
of a building, useful in construction, but should be removed when the build- 
ing IS completed There are embryologic adhesive bands m the region of the 
gallbladdei and duodenum which, later, may cause trouble by obstructing the 
bowel and end m tragedies In a pronograde animal, the mesenteric attach- 
ment IS simple, and along the dorsal spine When the ancestral man assumed 
the upright position, theie weie many supporting structures devised to hold 
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the intestines and visceia in correct position, some of which weie defective and 
others weie of possible pathologic significance 

Roughly speaking, the foregut is a legion which piepaies the food foi 
digestion The midgut is the region which continues the chemical action upon 
the food which began in the foiegut, and the hindgut expells the lemains of 
both food and secretions pouied into the bowel The rotation of the intestines 
begins with the embryologic development about the fourth week and ends 
about the tenth week Rotation and fixation of the intestines begin at the 
uppei end of the small intestine and lotate to the left When doing so, theie 
aie many adventitious bands which foim m this legion and the remains of 
these aie the ones which produce obstuiction in latei life 

Dr Roger Doughty (Columbia, S C , in closing) I think we have noth- 
ing to add, except that we wish to thank the gentlemen for then discussion 
If we have drawn attention to the lesion m such a way as will in future assist 
in early lecognition of the condition, I think that we have accomplished our 
pui pose 
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Dlring the past few yeais the manner of dealing with intestinal obstiuc- 
tion due to caicinoma oi othei malignant giowths has become faiily well 
standaidized It does not piesent the wide variety of causative conditions, its 
onset IS less frequently sudden, and its end-iesults are detei mined moie by 
the degiee of involvement of neighboimg oi distant stiuctures, than by the 
extent of the obstiuction In malignant obstiuction one laiely has to deal 
with alteiations m the cii dilation to the bowel above the obstruction, while 
in those cases due to nonmahgnant causes the blood supply to the tissues above 
the point of blockage is frequently the chief factor m detei mining the outcome 
Nonmahgnant and malignant obstiuction cannot be well consideied m any 
biief aiticle For this leason I shall confine my discussion to the lesults 
obtained in our series of intestinal obsti uction due to nonmahgnant conditions 
I shall fuither confine it to those cases subjected to surgical tieatment 

The advent of the catheter-hke duodenal tube, which can be intioduced 
ti ansnasally, has bi ought about a maiked change m the methods of dealing 
vith the vaiions types of ileus Since its introduction many cases foimeily 
thought to demand suigical treatment for their alleviation now can be com- 
pletely relieved, oi put into such condition that any opeiative measuies to 
oveicome the effects of stasis can be undei taken with less nsk This is pai- 
ticularly tiue in those cases of adhesive obstiuction lesulting from a lecent 
opei ation 

In the postoperative course of abdominal piocediiies there often occui 
instances of distention and vomiting, with or without pain These frequently 
tax the judgment of the surgeon when he tiies to detei mine whether or not 
an obstruction exists, and if existent, whethei oi not it is complete Pnoi to 
the use of the duodenal tube many of these w'-ere subjected to opeiative intei- 
ference, wdnch, if they occurred to-day, could be leheved by piolonged tubal 
drainage of the upper intestinal tiact 

A duodenal tube may be easily introduced through the nose, into the 
stomach, from which it passes into the upper intestinal tiact Veiy satisfactoiy 
decompression of the tiact can be effected when suction is applied to this 
tube We use the Foss appaiatus to produce this suction and have found it 
veiy simple and satisfactory 

We have had a vei}^ limited expeiieiice with the use of the Miller- Abbott 
tube The repoits of those wdio have had nioie experience in its use seem 
to indicate that in cases of obstruction it will piove a valuable addition in the 
tieatment Paralytic ileus is, peiliaps, the most piomising field foi its use 

* Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga, December 5, 6, 7, 1939 
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Any piocedure which can reduce the mortality in cases of interruption 
in the continuity of the bowel lumen will prove welcome to evei y surgeon A 
study of our own cases shows that the mortality under the oldei methods is 
high The high moitahty should, when possible, lead one to the now more con- 
servative methods of dealing with these cases 

The use of the conservative measures to tieat cases of ileus will call foi 
much more accurate diagnoses, since the pioblem of some major inteiference 
with the circulation in the distended bowel will demand the use of the highest 
degiee of disci imination While it is true that abdominal tendeiness does 
give some infoimation as to the condition of the intestinal wall, the occurrence 
of obstiuction soon aftei operations foi inflammatory lesions finds an abdo- 
men that has not been fi ee of tenderness since the onset of the pi imary disease, 
and thus lessens the value of this finding in cases piesenting impaired cir- 
culation 

Unless one occasionally looks ciitically at the record, one is hkel}' to hold 
ei roneous views as to one’s own success oi failui e in any field 

Foi the purpose of detei mining oui results in the surgical tieatment of 
nonmalignant obstiuction, I have leviewed the histones m our own files 
Seventy per cent of these cases wei e opei ated upon by Di Irvin Abell , the 
lemainder by me Since I have been associated with Doctoi Abell for nearly 
25 3^eai s, moi e than 90 pei cent of the cases have come undei obserA'^ation 

All the cases consideied in this study are of the complete or almost com- 
plete type Ninety-one pei cent weie of the complete vaiietj" Obstructions 
of mild 01 moderate degiee and those tieated consei vatively have not been 
included 

In this senes, pain and vomiting weie piesent in moie than 95 pei cent 
of the cases The frequent occuiience of vomiting is, no doubt, due to the 
fact that so many of the patients had obstiuctions to the small intestine, and 
many came to the hospital long aftei the onset of obstiuctive symptoms 
Distention was the next most fiequently encounteied finding, but m oui 
series it was not of sufficient fiequencj'’ 01 degiee to be of diagnostic impor- 
tance 

The length of time elapsing between the onset of symptoms and the in- 
stitution of tieatment is shown m Table I 

Table I 

HISTORIES STATING TIME Ol ONSET (124) 



No of 


Cases 

Less than 12 hours 

12 

From 12 to 24 hours 

27 

From 24 to 48 hours 

24 

From 2 to 5 da^^'s 

35 

More than 5 days 

26 


Total 124 
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Thus 70 pei cent ^^e^e seen moie than 24 houis aftei the onset of the 
obstiuction 

The causes of obstruction m ^^hlch neoplastic disease is not a factor aie 
shown m Table II 


Table II 

OBSTRUCTION NOT CAUSED B\ NEOPI ASM 



No of 


Cases 

Adhesions a factor 

84 

Due to adhesions alone 

74 

Adhesive bands present 

37 

External hermae 

54 

Volvuh 

II 

Gallstone obturation 

7 

Intussusception 

n 

Tuberculosis 

4 

Mesenteric thrombosis 

2 

Imperforate anus 

I 


From Table II it will be seen that adhesions played a part m the production 
of the symptoms m 46 pei cent of the cases, and wei e the sole cause in 40 pei 
cent External heiniae weie lesponsible foi 30 per cent of the obstructions 
In cases of obstiuction due to neoplastic disease the laige bowel is moie 
fiequently the site of the oftendmg lesion, uhile m the nonmalignant gioup 
the revel se is tiue, as is seen fiom Table III, uhich shows the location of the 
obstruction m this senes 


Table III 

SITE or OBSTRUCTION IN NONMALIGNANT CASES 

No of 
Cases 


Jejunum 9 

Ileum 134 

Cecum 2 

Ascending colon i 

Transverse colon 7 

Descending colon i 

Sigmoid 5 

Rectum i 


Total 160 


In explanation of the large nunibei of cases occuiiing 111 the ileum, it 
might be stated that m many lecoids the only notation as to localization is 
that the obstruction was 111 the small intestine When the complete lecoid 
did not indicate the jejunum to be the involved segment, the obstiuction has 
been tabulated as occuiring in the ileum Duodenal obstructions haA’'e not 
been considered in this group of cases because the}’' aie so frequently indistin- 
guishable from pyloric obsti uctions 
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The laboratoiy gives very little aid in the lecognition of the presence of 
obstruction The inoie pronounced the obstiuction the less importance is 
to be placed upon laboratory findings In the incomplete or chionic type of 
obstiuction IS found the gieatest usefulness of the laboiatory, since a study 
of the chemistry of the blood may help to disclose its presence 

Blood counts and stained smears of the blood yield little information In 
extieme dehydiation the hemoglobin content may be high, and there may be 
a high led cell count The leukocyte count yields no moie infoimation than 
does the study of the led cell and hemoglobin content, foi dehydration oi 
the piesence of the disease which caused the obstiuction mteifeies with the 
accurate interpietation of the study of the leukocytes In our series, blood 
counts, including diffeiential studies, weie made m practically all cases, yet 
no definite infoimation is gamed by a comparative study of the findings 
obtained 

Roentgenologic examination is of some aid in the diagnosis of obstiuction, 
but m this series it was employed too infi equently to justify the di awing of 
any conclusions fiom this souice of infoimation 

As 91 per cent of the obstiuctions in this senes weie of the Giade 4 
vaiiety, the roentgenogiam could have done no moie than aid in the localiza- 
tion Many of oui cases occurred before we weie aware of the possibilities 
of obtaining infoimation in this mannei 

Recently, w^e have employed 1 oentgenologic examination in cases of sus- 
pected obstiuction We piefei to make the exposures m tw'O positions The 
1 oentgenogi am taken in the supine position wall show'^ the distended bow^el, 
and by the position of the distended loops one can conjectuie as to the loca- 
tion of the lesion producing the blockage That taken in the upright, or even 
semiupright, posture gives some infoimation not obtained by the other expo- 
sure Obstiuction m the lowei ileum sometimes show's a distended bow'el 
which IS haid to identify on the film taken m the supine position, since the 
distention is sometimes so gieat as to give the impression of a distended loop 
of colon Since, in colonic obstiuction, theie is fiequentfy little 01 no dis- 
tention of the small intestine, the piesence of many stan-step shadow's of 
fluid and gas, which aie much better show'U in the upiight position, indicates 
that the obstruction is m the small intestine 

The moitality m intestinal obstiuction is high undei any ciicuinstances, 
and when one is consideiing cases of such seventy as to demand surgical 
mtei vention, the mortality is coi respondmgly highei 

Adhesions — In oui senes of cases the most fiequent causative factoi w'as 
the piesence of adhesions, eithei of the sessile type, 01 that chaiacterized hy 
the formation of bands 

Adhesions weie the sole factor m 74 cases, and of these, 44 gave a history 
of previous abdominal operations These opeiations w'eie equally divided 
between the recent and 1 emote ones The moitality m the various types is 
shown m Table IV 
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Table IV 

MORTALITY FOLLOWING OBSTRUCTION B\ THE VARIOUS T\PFS 


All adhesion cases 
No previous operation 
With previous operation 
Operation recent 
Operation remote 


27 per cent 
33 per cent 
23 per cent 
27 per cent 
18 per cent 


Of the 20 fatal cases in this senes, nine lequiied intestinal lesection 

It IS evident that the most favoiable type of adhesive obstiuction is that 
coming late aftei pievious opeiation This is piobably due to the fact that 
the general piactitionei lecogmzes the danger of obstruction 111 persons having 
abdominal scars, and consequently sends the patient to the suigeon with less 
delay Also, theie is less likelihood of encounteimg infection m the 1 emote 
case 

Following the same line of leasonmg, the high moitahty late in those 
cases with no suigical scais on the abdomen is moie likely due to the fact that 
theie is a delay m their reaching the suigeon, often having been tieated foi 
“acute indigestion,” “gas colic, ’ 01 peihaps gallbladdei disease befoie the true 
condition is ascei tamed 

External Heimae — In dealing with external heiniae, one would be justi- 
fied in expecting a relatively low mortality, which is tiue Yet, wuth such 
an appaient condition the mortality is too high No doubt, this can be 
attributed to the fact that the patient has fiequently succeeded in reducing 
a hernia even after much eftoit — which gives him a false sense of secuiity, 
causing him to delay calling a physician To his enor is often added that 
of the physician, ivho makes prolonged efforts at 1 eduction, with 01 wathout 
an anesthetic Such efforts cause delay and tiaumatize a bow^el wall that is 
easily damaged, bunging about an inciease m the seiiousness of the opeiative 
procedures eventually employed 

In this series there w^ere 54 cases of obstiuction due to stiangulated heima 
Fifty-three of these w^eie operated upon, with ten deaths, giving a moitahty 
of 19 per cent These herniae were divided as showm in Table V 


Table V 

DISTRIBUTION OF STRANGULATED HERNIAE 



No of 


Cases 

Right inguinal 

22 

Left inguinal 

8 

Right femoral 

II 

Left femoral 

5 

Umbilical 

2 

Incisional 

6 


Total 


54 


Of the ten cases teiminating fatally 111 this group, foui required resections 
of the bowel, which indicates the seriousness of the lesion One case of sim- 
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pie release of the incaiceiated intestine, with a repaii of hernia, died of a 
pulmonary embolus on the eleventh postoperative day 

From the lather high moitality, which is usually the mortality of delay, 
one sees the necessity of cautioning all those who have herniae that with the 
development of seveie pain m a previously quiet hernia surgical relief should 
be sought without delay Especially should this be impressed on the medical 
profession 

Internal Hetnwc — Thiee of the cases listed undei those due to adhesions 
weie m reality herniations into surgically foimed pockets within the abdomen 
Two followed opeiations to suspend the uteius Both were performed by the 
method of Gilliam One followed an operation for prolapse of the cervix 
with cystocele and lectocele The body of the uterus had been removed yeais 
pieviously In coriectmg this piolapse, bands of the lectus fascia had been 
bi ought through the peiitoneum and sutured to the ceivical stump, thus 
dividing the entrance to the pelvis into thiee openings thiough which loops 
of intestine could herniate 

Volvulus — Eleven cases of volvulus weie seen One was found at necropsy 
in a patient dying soon aftei admittance to the hospital Of the lo cases 
opeiated upon, five died, a mortality of 50 pei cent The five patients who 
lived following operation lequiied no more than a simple release of the 
volvulus The fatal cases were subjected to the following types of operation 
(Table VI) 


Table VI 

OPERATIVE PROCEDURES IN THE PATAI CASES 


Entei ostomy r 

Release plus enterostomy i 

Closed resection, Rankin clamp i 

Resection plus enterostomy i 

Not stated i 

Total 5 


Gallstone Obtwation — Obturation obstruction is raiely diagnosed pre- 
operatively There were seven cases due to this cause One was found at 
necropsy, in a patient tvho entered the hospital m a moribund condition Six 
weie found at operation Of these, three died, a mortality of 50 pei cent 
Theie is no class of cases that should offei a better field m which to use 
tubal drainage of the upper intestinal tract Since the pathologic piocess is 
one of simple blockage, were one able to get the tube beyond the fistula be- 
tween the gallbladder and intestinal tract, simple decompi ession should soon 
lender operative removal of the obstiucting object a compai atively safe under- 
taking 

Intussusception — Of this type of obstruction there were 12 cases One 
was found at necropsy as being due to invagination of a Meckel’s diverticulum 
which had produced the intussusception in the same mannei as does a polyp 
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Theie weie ii opeiative cases, four of uhich lesulted fatall}, a inoitality of 
36 pel cent (Table VII) 

Table YII 

TYPES OF lATUSSUSCEPTIOX 

Types of Intussusception 
Enteric 
Ileocolic 
Ileocecal 
Colic 


Total 12 

Age Incidence 

Less than nine months 6 

Twenty-one months i 

Four to ten years 4 

Eighteen years i 

Total 12 


In the diagnosis of intussusception the piesence of blood in the stool is 
of great impoitance In this senes theie weie only eight eases whose lecoids 
definitely stated whethei 01 not blood was present Seven showed that blood 
had been passed pei lectum, while one lefeired to its absence 

Tube) culosis — Theie weie tliiee cases ot obstiuction due to adhesions le- 
sultmg fiom tubeiculous peiitonitis, and one due to a tubeiculoma of the 
cecum 

The opeiative piocedures earned out in the foui instances Yveie Release 
of the obstiuction, 2 , ileocolostomy, i , cecocolostomy, i 

There was one death It occuried 111 a patient foi whom a simple lelease 
of the obstruction had been perfoimed 

Mesente) ic Tin oinbosts — Theie w^as one case of thiombosis in the jejunum 
This patient smvived a lesection of the jejunum with a lateial anastomosis 
One case of thiombosis of the ileum died, followmig a lesection peifoimed 
by the Rankin clamp method 

Impel fo) ate Anns — The only case of this type of obstiuction occuiring 
111 our senes w^as in a preniatuie baby, weighing thiee pounds It w^as opei- 
ated upon 31 hours aftei biith Theie w’^eie no skin markings to denote 
the location of the sphincter The bow^el was found 2 cm above the levatoi s, 
and its mucosa w^as siituied to the skin The child was m good condition 
wdien It left the hospital wuth its mother on the eleventh day postpai turn 
From a study of oui recoids it is evident that the type of opeiation lequiied 
determines the peicentage of 11101 tality This may be seen fioin the statistics 
111 Table VIII 

Resections w^eie lequiied 111 30 cases, and lesulted 111 the death of 17 
patients, a 11101 tahty of 57 pei cent 


No of 
Cases 

2 
4 

3 
3 
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These resections were performed m the following types of obstruction 

Table VIII 

TYPES or OBSTRUCTION IN WHICH RESECTIONS RESULTED FATALLY 


Adhesions 6 

Adhesive bands 3 

Intussusception 2 

Inguinal herniae 2 

Femoral herniae 2 

Thrombosis i 

Volvulus I 


Entei ostomy alone was pei formed in thiee instances All died A 
neciopsy on one of these patients showed the piesence of a volvulus 

Twenty-eight cases were tieated by releasing adhesions and performing 
an entei ostomy above the site of obstiuction Of these, ii died, a moitahty 
of 39 pel cent 

Those cases requiring no moie than a lelease of the adhesions producing 
obstiuction weie, as would be expected, the most favorable gioup In this 
class there weie 48 cases Eight of them died, a mortality of 17 per cent 

A review such as this, which shows the high moitahty present in the 
ladical tieatment of obstiuction, must lesult in a con elation of these data 
with the lesults obtained undei tbe piesent methods of dealing with this 
seiious lesion 

Tubal decompiession of the intestinal tract should lessen the indications 
foi the operative tieatment of obstiuction and bring patients to the opeiating 
room in much bettei condition to withstand the hazard of an opeiation for 
intestinal ileus 

Discussion — Dr James D Rives (New Oi leans, La) I would like 
to say a few woids about the pi os and cons of the tieatment of intestinal 
obstiuction by means of the various types of indwelling catheteis Before 
doing so, I wish to make it clear that I believe that the mortality of intestinal 
obstiuction depends moie upon the time elapsed between its onset, and its 
lelief, than on any othei factor, and that any treatment which does not take 
this fact into consideration will fail 

When the Wangensteen method of continuous aspiration of the intestine 
was introduced a few years ago, it was adopted in the Charity Hospital at 
New Oi leans with a certain degiee of overenthusiasm, by the lelatively in- 
experienced members of the staff In a peiiod of thiee yeais, nine patients 
whose intestinal tracts had been adequately decompiessed by this method 
died as a result of perforation at the point of obstiuction with resulting 
peiitonitis 

In contiast, I would like to lepoit the cases collected at Touio Infiimai}' 
by Doctois Kaplan and Michel Theie weie 17 cases of vaiious types of 
ileus in which an attempt was made to lelieve the obstiuction by means of 
the Millei -Abbott tube These cases weie supei vised by a 1 datively more 
experienced personnel, with loentgenologic observation of the intioduction 
of the tube, special nuising care, and the piactically constant attention of 
lesidents and interns In the 17 cases in Mhich intioduction of the tube was 
attempted, it was successfully passed beyond the pyloiic sphinctei in 14 Two 
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of the failuies were in young childien Bowel function was lestored and fiee 
bowel movements occuiied m all 14 cases wheie successful mtioduction was 
accomplished 

There weie foui deaths m the senes One had been obstiucted foi foui 
days at the time of admission Introduction of the tube was not accomplished, 
and opeiation failed to save the patient In thiee, death lesulted from vaiious 
complications aftei lelease of the obstruction Theie weie no deaths that 
we feel weie atti ibutable to the use of the tube, although theie weie two 
lather naiiow escapes In one, the ultimately necessary operation was 
defeired foi 4^ houis Anothei died with pneumonia, and it was found at 
autopsy that ovei inflation of the balloon of the tube had pioduced excessive 
distention of the bowel and that neciosis had begun Had she not died of 
pneumonia, she vould piobably have died of intestinal peifoiation Since 
that time, we never peimit the mtioduction of more than 40 cc of an I 
should say that most of these cases weie lecent obstiuctions, by which I 
mean that they occuried dining hospitalization following vaiioiis abdominal 
opeiations These, I think, aie the cases m which the method is least likely 
to get us into tiouble because sti angulation is unlikely to occui When 
the Millei -Abbott tube is successfully intioduced, bowel movements will usu- 
all}'’ occur within 12 houis aftei it has passed the pylorus If this does not 
occur, it IS unsafe to continue the treatment without operation because it is 
piobable that the obstiuction is of such a chaiactei that strangulation is 
likel}'' to take place 

Dr Edward V Mastin (St Louis, Mo ) I was veiy inteiested in Doc- 
toi Henry’s papei and would like to leport the case of a girl, five and one-halt 
jeais old, who had had three attacks of acute intestinal obstiuction due to 
intussusception duiing a peiiod of ten months 

At the first operation the obstiuction was lelieved and her appendix, 
which was acutely inflamed, was removed The ileum was sutuied to the 
side of the cecum The second attack occuiied thiee months latei and re- 
quited suigery At this opeiation it was veiy difficult to 1 educe the intus- 
susception and no additional surgery seemed justified as the child was quite 
ill at the time The thud attack took place seven months later and, at opeia- 
tion, It was found that thiee and one-half feet of ileum had invagmated into 
the cecum and ascending colon After the intussusception was i educed, I 
spilt the peritoneum over the lateral portion of the abdominal wall and 
scarified the cecum with gauze, then sutured it to the latei al abdominal wall 
with interrupted sutures of silk so that it was thoioughly fixed It has 
been a year and eight months since the last operation and the child has had 
no further attacks of intussusception 

Dr M J Henry (Louisville, Ky , m closing) I should like to mention 
a case m which I used ammotic fluid The patient was a boy, age 12, upon 
whom I operated for intestinal obstiuction four times within a period of two 
months 

The first attack of ileus was one year after a simple appendicectomy It 
was due to a band of adhesions The band was excised, and the convalescence 
was smooth until the twelfth day, when he developed signs of acute intestinal 
obstiuction This time there were many loops of intestine adherent to one 
another These adhesions were freed and before closing the peritoneum 50 
cc of “Amfetin” weie pouied into the cavity He left the hospital on the 
fourteenth day aftei the operation In a neek or so the bowel was again 
obstructed Then it was that I had the opportunity to observe the eflect of 
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amniotic fluid upon the pentoneum The whole cavity looked as if fine 
white featheis had been scattered m it No free loops of intestine were seen 
The obstiuction was due to veiy dense adhesions at one point These could 
not be separated A lesection of about i8 inches of ileum was peifoimed 
The anastomosis was the end-to-end type, using a Rankin clamp, and an en- 
terostomy was made above the anastomosis In a couple of weeks after an 
uneventful convalescence he had the fouith attack of ileus This time I was 
able to oveicome the obstruction by merely separating the adhesions In 
despeiation I again used the amniotic fluid , using 200 cc instead of the 50 cc 
used pieviously He latei developed a subphienic abscess, which lequired 
diainage posteiioily Although the appeal ance of the pentoneum at the 
fourth opeiation foi ileus gave piomise of fiiithei tiouble, the boy has been 
peifectly well dining the past thiee yeais 
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PENETRATING WOUNDS OF THE ABDOMEN^ 

AN ANALYSIS OF FORTY-SIX PERSONAL CASES 

Ambrose H Storck, MD 

New Orleans, La 

TROM THE DEPAHTMEM OF SURGEBl, SCHOOL OP MEDICINE. TDLANE UMIERSITI , NEU OHLEANS 

Members of the Southern Surgical Association who have previousl}'^ le- 
poited on penetrating wounds of the abdomen and the dates of then publica- 
tions include Miles/ of New Oi leans, in 1887, Paikei,- of New Oi leans, 
in 1896, McRae, of Atlanta, in 1898, Cioftoid,'^ of Memphis, m 1899, 
Grant,® of Louisville, m 1899, Wysor,^ of Clifton Forge, in 1901, Fennei," 
of New Orleans, in 1901, Neff,® of Washington, in 1901, Caldwell,® of Cin- 
cinnati, m 1905, Gueiry,^® of Columbia, m 1907, McRea,^^ of Atlanta, m 
1908, Mason,^- of Biimmgham, in 1922 and 1923, Bunch, of Columbia, 
m 1928, Wilhs,^®’ of Rocky Mount, in 1931 and 1934, Wilson/® of 
Biimmgham, in 1934, and Stoick,^® of New Oileans, in 1938 The Chanty 
Hospital in New Oileans, fiom which the mateiial for this present lepoit nas 
deiived, has also been the source of mateiial for the studies on the same 
subject, which have been made by Miles, ^ Paiker,^ Fennei," Matas,-® 
Loria,^^' " Millei and Stoi ck Recent publications concei ning pene- 

trating wounds of the abdomen some of which aie based on the lecent Spanish 
and cm lent Sino-Japanese wars, include those by Bastos,^® Butlei,-® Capiuci,-" 
Cubbins and Scudeii,-® Culligan,-® Gomez Dm an,®® Giloiteanu and Gostescu,®- 
Gmllaume-Louis,^® Jones, Kieuschnei,®® Lanzillo,®® JMaass,®"^ Aleyei and 
Shapiro,®® Mitchinei,®® Beigos Ribalta,'*® Shipley and Hamiick,'^® Taylor, *- 
Goidon-Taylor,^® von Mioiini,'^'^ Weishub,’^® and \\ light, Wilkinson, and 
Gastei 

In a previous communication,®® observations concei nmg gunshot wounds of 
the abdomen based on 35 cases managed m civil piactice were reported The 
present discussion of penetiating wounds of the abdomen is based on 46 cases, 
including the 35 gunshot wound cases previously leported and, in addition, 
II penetrating stab wounds of the abdomen, one of which resulted from im- 
palement All cases of known or suspected penetrating wounds of the ab- 
domen which Mere encounteied dining the peiiod of this lepoit weie subjected 
to celiotomy with the exception of those patients who, at the time of admission, 
were moribund as a result of exsanguinating hemoiihage, 01 iiiepaiable dam- 
age of the abdominal wall and visceia lesulting fiom close lange shotgun in- 
juries, and those cases in which the elapsed time since injuiy was so gieat 
that interference with already established natuial piotective baiiieis was con- 
sidered inadvisable Gunshot and stab wounds of the abdomen m which 
penetration of the abdomen was suspected, but not found when exploiatoiy 

* Read before the Fifty-second Annual Afeeting of the Southern Surgical Association, 
Augusta, Ga, December 5, 6, 7, 1939 


775 



AMBROSE H STORCK 


Annals of Surjren 
May 10 4 0 



celiotomy was peifoimed, are not included in this lei^ort Figure i shows, 
graphically, the incidence of the injuries according to race, sex, and age 

The weapon with which the gunshot wounds weie inflicted was most fre- 
quently a pistol, usually of 32 or 38 cahbei, but in several instances the 
weapons weie of 44 or 45 caliber Three wounds were caused by rifle 
bullets, which, m two instances, weie of 22 caliber In two instances, the 
wounds weie produced by shotgun fire In all of the stab wound cases, 
the injuries weie inflicted with a knife, except m one instance in which 
the wound was pioduced by a stalk of sugar cane, which accidentally pene- 
trated the peritoneal cavity after passing 
through the anus In the gunshot cases, 
even the appioximate distance between 
the injured person and the firearm fre- 
quently could not be accurately deter- 
mined, but varied from immediate contact 
to usually not moie than 20 feet Be- 
cause of the confusion oidinaiily existing 
at the time when such injuries are in- 
curiecl, accurate data concerning the posi- 
tion of the injuied person in relation to the 
weapon usually could not be obtained 
Details of this latter sort, as well as ac- 
cuiate infoimation concerning the posi- 
tion or physical attitude (i c , erect, bend- 
ing o\ei, ciouched), of tbe patient are of 
value, and, as obseived b}' Mej'^er and 
Shapiio,^® account for the bi/arie couises of projectiles, often erroneously 
ascubed to deflection 01 ricocheting of bullets 

Most of the gunshot injuiies lesulted from a single projectile, as was 
definitely lecorded in 29 cases, in two instances, two piojectiles entered the 
abdomen Thei e wei e multiple wounds of the abdomen in two cases in which 
the injunes weie inflicted by a shotgun In the ten stab wound cases in 
which the numbei of penetiations uas lecoided, the patient had been stabbed 
only once In ten gunshot cases, theie was a single nound of exit, in two 
cases, thei e were two wmunds of exit , and in the 1 emainmg cases, thei e rvere 
no wounds of exit In none of the stab wmund cases w^as there a wmund of 
exit 

Eighteen of the patients weie hi ought to the hospital by ambulance One 
of the fatal gunshot wmund cases drove himself to the hospital, the tup le- 
quirmg three hours Anothei patient, in the gunshot wmund group, w^alked 
thiee blocks to the hospital The othei cases, with the exception of one 
fatal case who was tiansported by police patrol, w^eie brought to the hospital 
by ordinary passenger automobiles Transpoitation of patients wath pene- 
trating w^ounds of the abdomen in propeily heated ambulances is obviously 
the ideal method of transferring such patients unless alarming hemorihage 
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makes undesiiable the delay which would be involved m summoning the 
ambulance 

The aveiage period elapsed from the time of injury to the time of ad- 
mission to the hospital foi the combined gunshot and stab wound gioups was 
1318 minutes, the average peiiod m the survival cases was 140 minutes, 
whereas in the fatal cases the period was 117 minutes The longer average 
duration m the suivival cases was due to the tiansportation over long dis- 
tances of seveial patients who weie in veiy good condition The peiiod 
elapsed from time of admission until time of opeiation, which time was le- 
quired foi observation, treatment of shock, 01 other piepaiation for opeiation, 
was 83 8 minutes, the aveiage period foi the suivival cases being 65 minutes, 
wheieas, m the instance of the fatal cases, the peiiod was 116 minutes The 
aveiage duiation fiom time of injuiy until time of opeiation, for the com- 
bined gunshot and stab wound cases, was 215 6 minutes, m the survival cases 
this interval aveiaged 205 minutes, wheieas m the fatal gioup it was 233 
minutes 

Preopeiative Symptoms — Abdominal pain vas piesent m many cases, 
but, frequently, this symptom was lemaikably indefinite or practically ab- 
sent, the pain due to associated injuiies was often gi eater than the abdominal 
pain Acute alcoholism m eight cases, seven of which were gunshot wound 
cases, might have obtunded sensation, but the absence of consideiable ab- 
dominal pain was repeatedly observed m the instances of patients who had 
not been drinking The presence or absence of abdominal pain, certainly, 
cannot be relied upon as evidence that penetiation of the abdominal cavity 
has or has not occurred The indications of peritoneal mutation, including 
abdominal pain, were almost always directly piopoitional to the amount of 
blood in the peiitoneal cavity or to the amount of spillage fiom the stomach, 
small intestine, or gallbladder Abdominal pam was remarkabl}'^ absent m the 
cases with perforations of the large intestine, probably because of the small 
amount of spillage of solid or semisolid fecal material Abdominal pam is 
particularly likely to be absent in gunshot wound cases m which the bullet 
enteis the peritoneal cavity thiough the gluteal, sacial, 01 peiineal regions, 
and penetration of the pei itoneum is fi equently overlooked m such cases In 
no instance was it noted that pain was leferied to the base of the neck or to 
the scapular region, even though the amount of blood present m the peritoneal 
cavity m many instances might have been expected to cause such referied 
pam 

In several cases, m which there had been massive hemoiihage, the 
patients experienced an hunger and extieme thirst Nausea and vomiting 
veie recorded m only three cases, and in no instance was theie a record of 
hematemesis, even though the stomach was perforated in several cases 

Pteopeiatwe Physical Findmgs — The aveiage temperature m the com- 
bined gioups was 992° F, without any consideiable difference m the aver- 
ages for the suivival or the fatal cases, although instances of subnormal tem- 
peiatuies weie more frequently noted among the fatal cases The lespiratory 
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rate averaged 25 per minute, without any considerable difference in respect 
cither to range or average m the survival 01 the fatal cases , the pulse rate for 
the combined groups averaged 109 pei minute, with an average of five pulsa- 
tions more per minute in the fatal gioup, and with no consideiable difference 
in the range, 7 e , 66 to 135 and 68 to 140, in the suivival and the fatal groups, 
lespectively 

Blood pressuies foi the combined groups averaged 107/65 Mm Hg, the 
average in the suivival gioup being 120/67 group 90/62 The 

range of blood pressuies in the survival group was 180/90 to 92/60, while 
the lange 111 the fatal gioup was 112/80 to 58/40 

In the combined gunshot and stab wound cases which lived, shock was 
lecorded as slight in two cases, as model ate m one case, and of an unspecified 
degiee in six cases, whereas in the group which died the degree of shock was 
lecorded as model ate in two instances, maiked in two instances, and of un- 
specified degree in five instances 

Abdominal tenderness was lecoided 111 only nine instances 111 the com- 
bined gunshot and stab wound groups, eight of which were gunshot cases 
Abdominal rigidity was recoided m ii cases, only one of the cases m which 
rigidity was lecoided was a slab wound case The lelatively low incidence 
of recorded tenderness and rigidity was probabl)' due, at least in part, to 
failure to lecoid these conditions 

Rectal examination levealed vaiying degiees of tenderness In the case 
in which the penetrating wound was pi oduced by a stalk of sugar cane entering 
the rectum, as well as m some cases of gunshot wounds involving the rectum, 
lectal examination levealed blood, and m seveial instances, the peiforation 
could be felt A^aginal examination m one case revealed distinct tenderness 
in the foinices 

Abdominal distention was piesent to a model ate degree at the time of 
admission in one case Absence of liver dulness was not recorded in any 
case m either group, although repeated attempts weie made to elicit this 
evidence of gas or air m the peiitoneal cavity A completely thoiacic type of 
bieathing was observed m only one instance, a gunshot wound case with asso- 
ciated spinal cord injury, but lespiiation with practical^ no abdominal com- 
ponent was present m seveial additional cases 

Clinical Laboi atoi y Findings — Examination of the urine foi gross or micio- 
scopic blood was made m all cases Hematuiia was piesent to some degree 
m 15 instances In seven cases, m which blood was detected microscopically, 
the 1 ed blood cells were 1 eported as few m one instance, many 111 one instance, 
and the number was unspecified m five instances Gioss hematuria was 
observed m three cases In five cases it was not noted whether the blood 
was detected grossly or microscopically A positive W assermann 1 eaction was 
obtained m eight cases in the combined groups Red blood cell counts and 
hemoglobin index detei mmations were made in only a few cases, because 
such examinations aie usually of piactically no value in determining the 
management of patients with penetiatmg wounds of the abdomen Signifi- 
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cant loweiing of the red blood cell counts and hemoglobin index in the pieseiice 
of slow and moderate hemoirhage, as well as m sudden massive hemoiihage, is 
almost invaiiably pieceded by clinical evidences of hemorrhage and shock 
Whenevei doubt exists conceinmg the degiee or continuance of bleeding, 
exploiatory celiotomy is usually a safer pioceduie than is piolonged observa- 
tion of the patient for changes in the led blood cell count oi hemoglobin index 

Plasma protein deteiminations, although not likely to be of paiticulai 
value m the preopeiative estimation of patients with penetrating wounds of 
the abdomen, may sei ve as an important therapeutic guide in the postopeiative 
management of such cases Several methods aie now^ available for lapid 
estimation of plasma piotein levels, including the fallmg-diop method**^ and 
the Bing-bead method 

Roentgenologic Findings — Fluoioscopic oi skiagiaphic examinations w'eie 
undei taken in most of the gunshot w^oiind cases These examinations w'eie 
made not only to locate bullets but w^eie also made to deteimine the piesence 
of such conditions as hemopneumothoiax and fiactuies of the extiemities In 
no instance w^as the piesence of air or gas beneath the diaphiagm demon- 
strated roentgenogi aphically Exact localization of bullets by one of the 
several methods available may, at times, be of distinct value in the manage- 
ment of bullet wmunds of the abdomen, and exact localization of bullets by the 
Granger'*" method w'as undertaken in seveial cases in this series 

Associated Conditions — Associated chest injuries weie recoided m a total 
of II cases in the combined gioups Two of the gunshot wounds, wnth asso- 
ciated chest mjuiies, had an extensive hemopneumothorax One of the gun- 
shot wmund cases, who w^as five months pregnant, had a penetiation of the 
gastrohepatic omentum and a moderate degree of inti aperitoneal hemoi rliage , 
this patient w^as subsequently delivered of a noimal child, without any com- 
plications during paituiition Spinal cord injury existed m two gunshot 
w^ound cases, and in each instance w’^as manifested by paialysis of the low^er 
extremities which was present at the time oi admission In seveial cases, 
there weie associated injuries of the head, the neck, oi the extiemities 

Choice of Cases for Opeiation and Time of Opeiation — The preopeiative 
determination of wdiether or not penetration of the peiitoneal cavity has oc- 
curred is often difficult, and the fallacy of depending on such factois as the 
presence or absence of abdominal pain, tenderness, or iigidity to determine 
W’'hether or not penetration of the abdomen has occuried, has already been 
referred to Eisberg^® also has observed the inconstancy of the signs and 
symptoms piesent m penetrating wmunds of the abdomen and, in accordance 
with Schoenberg,5i Silleck,^^ and Winslow,^" he advocates exploratory celiot- 
omy m all doubtful cases Although it has been contended that penetrating 
wi^ounds of the abdomen caused by small-sized biidshot do not require ex- 
ploratory celiotomy, the serious hemorrhage due to injury of important blood 
vessels, as well as the possible pioduction of gaping lacerated w'ounds of the 
intestinal wall which may be pioduced by such small-sized shot, makes the 
nonoperative treatment of even such mjuiies inadvisable 
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Eisberg^” stresses the impoitance of the study of the eiitiance and exit 
points, and he cites that bullet wounds of entiance aie usually smaller than 
the caliber of the bullet, while the point of exit is more or less keyhole in shape 
and larger than the wound of entiance He also diaws attention to the fact 
that “if an aiea of abiasion and contusion is concentiic, it signifies that the 
bullet has taken a straight couise, and that the undei lying viscera in this 
region aie, in all piobability, injured, if the aiea is to the right of the edge of 
the wound, it signifies that the missile has passed from i ight to left Since the 
opposite side of this area is always undermined, and this process, in turn, in- 


Typcs of Wounds /n Relation To 
Direction of Bulkts 



Areas of 
abrasion. 


Concentric 

wound 


Pcnetrati ncj 
wounds 



Fio 2 — Dnuing illustritint Nnnous tjpes of cxterml uoinids in rcH 
tion to the courses tiken b> bullets A concenti ic 'ire'i of nbr'ision and con 
tusion indicates that the bullet has taken a stnii,ht course If the area of 
abrasion is to the right of the edge of the wound, it signifies that the missile 
has passed from right to left, and ticc zwrsa if the area of abrasion is to the 
left of the edge of the wound rurthetmore, the amount of undermining be 
neatli the edge of the wound opposite the area of abrasion ma} indicate the 
obliquity of the course of the missile 

Cl eases with the obliquity, the moie supeificial the bullet tract the laiger the 
area of abrasion and contusion and the gieatei the undermining as shown 
in Figure 2 This obseivation is very important m differentiating superficial 
nonpenetrating wounds of the abdomen which cross the abdomen causing pain 
and at times nausea, vomiting, tendei ness and rigidity ” Davis,^'* although 
observing that rigidity, localized pain, and tendei ness on pressuie are com- 
mon symptoms, and that pain is gi eatei , and 1 igidity usually board-like, when 
the stomach or intestines are perforated, says that these findings are not al- 
* ways dependable In the instance of gunshot wounds when the bullet has not 
made its exit, study of the roentgenographically localized bullet m relation to 
the wound of entrance is usually of obvious value Even when it seems un- 
likely that penetration of the abdominal cavity has occurred, the possibility of 
the bullet having ricocheted after penetrating the skin and subcutaneous tissue 
as well as the effect of the position of the patient or the influence of respira- 
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01 y movement on the course of the bullet, as pointed out by Meyei and 
Shapiro,®® must be kept m mind Unexpected and unpredictable visceral 
injuries were found in several cases in the present series 

It was often difficult to deteimme the optimal time for operation, and, 
although it was frequently impossible to improve the patient’s condition to 
the desned degiee before operation, celiotomy was perfoimed as soon as the 
patient’s condition was sufficiently good to permit abdominal exploiatioii 
Oberhelman and LeCount,®^ on the basis of a review of the hteiatuie and a 
study of 343 cases treated at the Cook Count}^ Hospital, expiessed the belief 
that "perhaps the most important element aiding the recoveiy of patients with 
bullet wounds of the abdomen is a short inteival between the injtii}^ and the 
operation ” Realizing the ii i evei sible del- 
eterious effects produced by prolonged 
shock, and lecogmzmg the iinpoitance of 
1 apid pi eparation for opei ation of patients 
with penetiatmg wounds of the abdomen, 
as emphasized by Condict,^® and at the 
same time appieciating the advisability of 
avoiding operation m the piesence of pio- 
found 01 even consideiable shock, lapid 
pi epai ation of the patients foi operation 
was attempted in all cases However, the 
intentional delay of operation for seveial 
hours seemed advisable in several instances 
When there was no evidence of consid- 
erable shock, opeiations weie undertaken 
promptly, to aveit the possible develop- 
ment of shock from continued slight bleed- 
ing 01 subsequent massive hemoiihage 
The decision concerning the advisa- 
bility of opei ation in cases of relatively 
long duration is frequently difficult Although it is impossible, on the basis of 
elapsed tune alone, to aibitiarily fix a late time limit foi opei ability, natiiial 
piotective baiiiers such as fibiinous exudate and adhesions, as well as the 
edema which often results in the sealing off oi clostiie of hollow visceral in- 
juries, have usually become well established within 12 01 14 houis following 
injury In the instance of penetiatmg wounds involving only the uppei ab- 
domen, the peiiod dm mg ivhicii operation is advisable inaj'' be consideiably 
extended because, in upper abdominal injuiies, not only is continued hemoi- 
ihage fioin the liver or spleen likelj'’ to make even late opei ation necessary, 
but the absence of, or smallei numbei of perfoiations of hollow visceia in 
such cases makes late opei ation 1 datively safe 

The consistent diiect lelationship betw^een the nioitahl} and the dm ation 
fiom time of hospital admission to opei ation (Chait i) not onl) emphasizes 
the advisability of pei forming cehotow) as soon as the patient s condition per- 
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Mortalitij in Relation to Dur<^ioa 
from Time of Admission 1b Operation 

Ch \RT X — Cur\e indicating the mortal 
ity in 1 elation to the period elapsed from the 
time of admission to the hospital to the time 
of operation The form of this cur\e is» m 
part due to the good condition of those pa 
tients upon whom earJx operation could he 
performed without considerable preoperati\c 
preparation 
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mits, but the foim of this cuive is actually the lesult of the relatively good 
condition of the patient upon whom early opeiation was performed The 
higher moitahty rate in the instance of cases in which there was a long period 
between the time of admission and operation was not due to the prolongation 
of this period either by choice, oi through neglect to expedite preoperative 

preparation oi to pei form early operation, 
but was due to the fact that the poor con- 
dition of these patients necessitated pro- 
longed pi eopei alive piepaiation in an at- 
tempt to piepaie them to witlistand opeia- 
tive mteivention 

Chai t 2 graphically indicates the influ- 
ence of shock and hemorihage upon the 
moitahty in penetiating wounds of the ab- 
domen The compai atively low mortality 
m the cases admitted to the hospital fiom 
one-half hour to two hours following in- 
juiy suggests that patients in this gioup 
N\eie eithei sviffenng fiom a less seveie 
degiee of shock and hemorrhage, or that 
consideiable lecovei}^ fiom these condi- 
tions had occuiied before celiotomy was 
peifoimed The higher mortality m the 
gioup of cases who weie admitted to the 
hospital within half an houi following 
then mjur}', although piobably partl}'^ due 
to the seriousness of the injuries or to pri- 
mal ily seveie shock and hemorihage, was 
piobably to some extent the lesult of the 
peiformance of celiotomjr at a time when 
some of the patients m this gioup were 
still suftenng from consideiable shock or 
hemoi 1 hage The i ecoverj^ of all patients 
whose admission to the hospital was de- 
layed for fiom eight to 12 houis is evi- 
dently due to the fact that these patients did not have extremely seiious in- 
juries, that thejr weie not suffeiing fiom massive hemorihage, and that they 
had eithei never suffeied fiom or had recovered fiom shock The high mor- 
tality in the gioup of patients admitted to the hospital within foui to eight hours 
following their mjuiy may be consideied to be the result of the deleteiious 
effect of piolonged shock and aitenal hypotension 

P) copci atme Pi epai atioii, Including Pi cancstheiic Piepaiahon — When 
patients were fiist seen, measuies to combat shock iieie instituted immedi- 
ately In addition to the application of external heat and elevation of the foot 
of the bed, moiphine sulphate was administered m appiopiiate laige doses 



Chart 2 ^Cur\e shoumg the mortalit> 
jn reJation to the period of time ehpsed from 
the time of in)ur> to the time of ndmission 
The forms of the cur^es reflect the influence 
of shock 'ind hemorrhage 'incl emphasize the 
\alue of the carlv institution of measures to 
comhat these conditions The comparatuclj 
low mortality in the cases admitted to the 
hospital from one half to two hours following 
injm\ suggests that patients in this group 
were either suffering from a less sexert 
degree of shock and hemorrhage or that 
considerable reco\er\ fiom tlie^^e conditions 
had occurred before cehotomx was per 
formed The higher moitahty m the group 
of cases who were admitted to the hospital 
within half an hour following their injur>, 
although partly due to the seriousness of the 
injury or to pnmarilj severe shock and 
hemorrhage, was probably to some extent the 
result of the performance of celiotomy at a 
time when some of the patients in this group 
were still suffering from shock or hemor 
rhage The recovery of all patients whose 
admission to the hospital was delayed for 
from eight to hours is presumably due 
to the fact that these patients did not have 
extremely serious injuries, that they were 
not suffering from massive hemorrhage and 
that they had either never suffered from or 
had recovered from shock The high mor 
tality in the group of patients admitted within 
four to eight hours following their injury 
may be considered to be the result of the 
deleterious effect of prolonged shock and 
arterial hypotension 


782 



\ olume 111 
:5*umber 5 


PENETRATING WOUNDS OF ABDOMEN 



w 






p 

8 



1 


wM 




■■ 

*11] 


H 


PH 

7m 

1 3 ^ 1 1 

"A 


4 





fetal 


iMijj 


In the instance of patients who weie consideiably intoxicated at the time of 
admission, oxygen was admmisteied by inhalation, and was usually eftectne 
in consideiably sobering these mdnaduals 

The impoitance of sometimes admmisteiing pieopeiative tiansfusions 
of as much as 2,000 to 3,000 cc of blood within the fiist 24 houis following 
penetiatmg 1113 uiy of the abdomen, the difficulties of obtaining blood for this 
class of cases, and the improved methods now^ available foi stoimg blood, have 
been discussed in a previous communication,^^ which included a consideiation 
of various methods of transfusion, and indicated the dangeis of autoti ansfusion 
of blood obtained fiom the abdominal or thoiacic cavities The lelationship 
between the degree of hemorrhage and the moitality in the present gunshot 
wmund cases, as showm in Figuie 3, has also been refeiied to by Mason, 
Loria,-^ and others, and in addition emphasizing the impoitance of ade- 
quate preoperative ti ansfusion, indicates ^ 
the advisability of first diiectmg atten- J 
tion during operation to the detection of .. ^ m 

bleeding points and the an est of hemoi - ^ ^ 

Eleven patients w^eie given fluids by 

infusions or Iwpodeimocffises, which usu- •» [7 j \^\\i 

ally consisted of 1,000 cc of 5 to 10 per SUiGHT SHAUL. WOOCP/^E L.APG^ 

cent glucose, and normal to 2 pei cent Mortality in Relation to De g ree ct Hemorrhage 

saline solution, or lactated Rlllgei 's solu- , Fig 3— Graphic represenntion showing 

^ the direct rentionship bet\Aeen the degree 

tlOn When glucose solution of moie of hemorrhage and the mortaht> Com 

^ panson of rigure 3 \Mth I igitre 4 which 

than c; per cent is ^employed, it is con- Mtt« figure shows the arerage number of 
^ ^ 1 j ? wsceral perforations in relationship to mor 

Sidered advisable to counteract the pen- tahty, re\eals how much mote important IS 

^ the reldtionship between hemorrhage and 

StaltlC inhibiting effect of such solutions mortaUti than ts the relationship between 
^ the number of perforations and mortTUt> 

by the administration of appropiiate 

amounts of insulin, as suggested by the obsei rations of Ochsnei, et al In 
general, the administration of fluids in the foim of blood transfusions rathei 
than infusions is particulaily desnable in those cases m wdnch continuing 
hemorrhage is evident or suspected 

A 3,000 unit prophylactic dose of antitetamc seium was given to all gunshot 
cases, and at least 1,500 units w^ere given to all stab w^ound cases Mixed 
antianaerobic serum w’^as administered to three of the gunshot wmund cases, and 
one of the gunshot wound patients received perfringens antitoxin 

Stimulant drugs, including caffeine sodium benzoate and adrenalin, weie 
admmisteied preoperatively to six cases All of the patients to whom it w^as 
considered necessary to administer stimulants pieoperatively, died Al- 
though theie may be occasional indication for the use of so-called stimulant 
drugs, benefit is moie likel}'' to follow^ the infusion of solutions of sodium 
chloride, glucose, or acacia , blood transfusion , or the placing of the patient 
m the head-dowm position 

Preoperative catheterization w^as performed wdien patients w^ere unable 
to void, both for the purpose of obtaining a specimen of urine for examination 
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Fig 3 — Graphic representation showing 
the direct relationship between the degree 
of hemorrhage and the mortaht> Com 
panson of Figure 3 with Figure 4 which 
lattei figure shows the a\erage number of 
Msceral perforations in relationship to mor 
tahty, reaeals how much moie important is 
the relationship between hemorrhage and 
mortahti than is the relationship between 
the number of perforations and mortaIit> 
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and of being assured that the bladder would be empty at operation In three 
instances of injury involving the urinary tiact, pieopeiative cystoscopy and 
introduction of ureteral catheters was done 

In order that operation might be started as soon as shock was sufficiently 
combated, some of the patients weie immediately sent to the opeiatmg room 
for preoperative observation and piepaiation, theieby avoiding moving of 
the patients on and off cariieis and in and out of bed 

The respiratory stimulating effect of scopolamine, referred to by Wateis,^® 
suggests that this drug, rathei than ati opine, should be employed foi pre- 
anesthetic preparation purposes 


Table I 

Mortality Im Relatiom To Anesthesia 
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Table I shows the mortahtj in reW 
tionship to the tv pc of anesthesia Ihe ah 
sence of anj deaths when spinal anesthesia 
was employed, either done or in combination 
with ethylene or ether is remarkable even 
though the cases in which spinal anesthesia 
was employed were those in which there 
was not a pronounced preoperative depres 
Sion of the blood piessiires The high 
mortality when either ether or local anes 
thesia was used was due to the practice of 
employing these anesthetics for those pa 
tients who manifested the greater degrees of 
shock and hemorrhage 


Anesthesia — The choice of the anes- 
thetic was, in each case, based upon the 
^patient’s preoperative condition, the pres- 
ence oi absence of chest or other extra- 
abdominal injury, and the extent of 
operative procedures estimated to be 
necessaiy The fiequency with which 
various types of anesthetics were em- 
ployed and the mortality accoi ding to the 
anesthetics used are shown m Table I 
The absence of any deaths when spinal 
anesthesia was employed, either alone oi 
in combination with ethylene or ether, is 
lemarkable, even though the cases m 
which spinal anesthesia was employed 
weie those in which there was not a 
pionounced preopeiative depression of 
the blood pressures The highei moi tahty when either ether or local anesthesia 
was employed was unquestionably due to the piactice of employing these 
anesthetics foi those patients who manifested the greater degiees of shock and 
hemorrhage The relatively high concentiation of oxygen which may be 
maintained m the anesthetic mixtuie when cyclopiopane is employed as an 
anesthetic agent makes this form of gas anesthesia particularly desirable in 
some cases of penetrating wounds of the abdomen 

Attention to the Patient on the Opeiatmg Table, Aside fioni the Piincipal 
Opeiative Pioceduie — Despite the pieoperative institution of measures to 
combat shock, some degree of shock was frequently still present when the 
operation was begun, so that the continuation of shock theiapy was sometimes 
necessary or had to be instituted m the operating room Frequent determina- 
tions of the pulse rate and the blood pressure were made during the patient’s 
stay in the operating room, both for the purpose of serving as a guide to the 
administration of fluids or stimulants, and because of the value of these de- 
teiminations in indicating permissible opeiative procedure The upper end 
of the operating table was sometimes kept lowered as much as 30° during 
the operation 
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Type of Incision The type of incision varied gieatly, being deteimined 
by such factois as the site of the wound of entiy, the location of the wound 
of exit, or the position of bullets wdiich could be felt oi detected eithei loent- 
genographically oi by fluoioscopic examination Rectus abdominis muscle- 
splitting incisions w^eie most fiequently employed m oidei to sa^e time in 
enteiing the abdomen and to minimize the amount of sepaiation of the lectus 
abdominis muscle fiom its sheath 

Findings at Opeiation — As pieviously indicated, the iicochet of bullets 
and the displacement of visceia by lespiiation, as well as A^aiiations m the 
relative position of paits of the patient’s body as compaied wuth the position 
of the same paits on the operating table, accounted foi unexpected and un- 
piedictable visceial injuries m seveial instances The opening of the peritoneal 
cavity w^as never accompanied by the hissing sound sometimes heai d m cases 
of perforated peptic ulcei m wdiich theie is consideiable gas m the abdominal 
cavity The failure to find gas undei piessure m the peiitoneal cavity at 
the time of operation might have been due to the pievious escape of gas 
thiough abdominal wall perforations 

The quantity of eithei liquid oi clotted blood in the peiitoneal cavity 
varied gieatly Accuiate deteimmation of these amounts w^as piactically 
impossible because, m addition to the volume collected m suction apparatus 
jai s, at least some of the blood w’'as ahvays i emoved m the foi m of clots oi by 
means of sponges When the hemoi i hage wns massive, liquid blood sometimes 
poured out of the wmtind befoie it could be collected and measuied 

Exti aperitoneal hemori hage w^as found m a numbei of the gunshot wound 
cases, and w^as peiivesical m one case, letiovesical and peimephiitic m one 
case, reti operitoneal in four cases, letiosigmoid m thiee cases, periieiial m 
two cases, and of unspecified location m one case In the 12 cases m which 
theie w^as some type of extrapen toneal hemoi rhage, theie weie seven sui- 
vivals and five fatalities Estimates of the amount ot extiapeiitoneal hemor- 
rhage are likely to be veiy maccuiate, and such estimates weit not attempted 
Bullets lodged 111 the subcutaneous tissue or superficially situated m 
muscle tissue weie 1 emoved at the time of operation m ioui cases In one 
instance, a bullet w'^as found lying fiee in Moirison’s pouch Bullets w'hich 
w^eie not leadily located or easily lemovable at the time ot opeiation w^eie 
usually removed several daj^s later, undei local anesthesia 

Spillage of a considerable amount of intestinal contents w^as recorded m 
onl}’- SIX cases, all of wdiich w'^eie gunshot w’'Ound cases wdiich suivived This 
appaient paiadox is evidently due to the fact that 111 eveiy case in wdiich 
considerable spillage w^as lecogiiizable, the amount of hemoi 1 hage was slight, 
thereby peimitting lecogmtion of the spillage as w^ell as favoring recovei} 

The total numbei of peifoiations of either solid 01 hollow Mscera was 
only slightly less 111 the gioup wdiich lived than in the group which died In 
the survival cases theie w'^as an aveiage of 5 33 perfoiatioiis per patient, with 
a maximum of 25 perfoiations in a single case, wdieieas in the fatal cases 
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there was an aveiage o£ 5 71 perfoiations per patient, with a maximum of 18 
peifoiations m a single case The lack of a distinct relationship between the 
numbei of jxifoiations and the moitality (Fig 4) is notewoithy, in contiast 
with the close lelationship existing between the amount of hemoirhage and 
the moitality (Fig 3) 

Stomach perfoiation occuired in six cases In foui instances, the stomach 
injuries were the result of gunshot wounds and were in each instance associ- 
ated with injury of othei viscera In two instances, the stomach injury 
lesulting fiom gunshot wounds was associated with injuiy of the liver As 
previously mentioned, theie was no lecoid of hematemesis m any case' In 
one instance, two stomach peiforations were associated with perforations of 

the jejunum In another gunshot case, a 
stomach peifoiation was associated with 
perforation of the ti ansvei se colon as well 
as the jejunum In the stab wound cases, 
stomach injury occurred m two instances 
In one of these latter cases theie was 
associated evisceiation of the stomach 
The other patient had tvo perfoiations of 
the stomach Whenevei wounds involv- 
ing the anteiior wall of the stomach were 
found, the lessei peritoneal cavity was 
enteied and the posteiior surface of the 
stomach was examined for the wound 
which IS to be anticipated in that region, 
particulaily in the instance of gunshot 
wounds Instead of dividing the gastro- 
colic 01 gasti ohepatic omenta foi the pin pose of levealing or peimitting lepair 
of wounds on the posteiior wall of the stomach, satisfactoiy exposure and 
lepair may be accomplished by enlaiging the wound located in the anterior 
stomach wall, as suggested by Piey and Foster^*’ 

Duodenal injury was not found in any case in this senes Because in- 
juries to the duodenum may be easily ovei looked, and because of the impor- 
tance of accurate closuie of such injuiies, thorough search foi duodenal 
wounds was made, especially when mjuiies were located m the uppei 
abdomen 

Injury to the jejunum was specifically recorded in seven gunshot wound 
cases, and in all but one of these patients there were associated injuiies of other 
viscera, thus piobably accounting for the survival of only four of these in- 
dividuals The patient in which there was jejunal mjurj^ alone, lived The 
jejunum was eviscerated in two stab wound cases and in one instance theie was 
an associated incised wound of the jejunum, the foimei patient lived and 
the latter died Although a favorable piognosis might be expected because 
of the character of the bacterial flora of the jejunum, a relatively high mor- 
tality, such as occurred in the present cases, has been reported by others 
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Injuries of the ileum were specificall} lecoided m 12 gunshot wound cases, 
wath eight survivals and four fatalities In one stab w'ound case, peifoiation 
of the ileum was associated wuth paitial evisceration of the ileum, this case 
survived This relatively high survival rate among patients w'lth injury of 
the ileum is particulaily lemarkable since in all but one instance the mjuiies 
to the ileum weie associated wuth injury of one oi nioie othei visceia, such 
as the colon, cecum, lectum, jejunum, uretei, uterus, oi bladdei 

Perfoiation of the cecum occuiied m four of the gunshot wound cases, all 
of which lived Except for the fact that theie was a relatively small amount 
of hemori hage in three of these cases, the absence of any mortalit} accompan)’'- 
ing mjuiies to the cecum w'ould be especially suipiising, since m thiee in- 
stances there w^eie associated peifoiatioiis of the ileum and in one instance 
peifoiation of the lectum In no case m this series w^as theie mjuiy to the 
appendix, although in one of the gunshot w^otiiid cases theie w^as injuiy to the 
mesoappendix, wdiich necessitated appendicectomy 

The ascending colon was injuied in one gunshot w^ound case and this 
patient lived, although his convalescence w'as piolonged by the development of 
an extensive abdominal wall infection Tiansveise colon peifoiation oc- 
cuired only once, this patient, wdio had associated stomach and jejunal pei- 
forations, died The transverse colon w'as eviscei atecl in twm of the stab wound 
cases, but in neithei instance w^as it peifoiated, both these patients lived 
The descending colon was injuied in the region of the splenic flexuie m one 
gunshot wwiiid case m wdnch theie w^as also consideiable letiopeiitoncal 
hemoirhage, this patient died The sigmoid colon was injuied in five cases 
One patient, wuth a peiforation of the sigmoid and associated laceiated pei- 
forations of the jejunum, lived, two patients wnth peifoiations of the sigmoid 
and tw^o patients wuth contusions of the sigmoid died The foui laltei sigmoid 
injuries w^eie associated eithei wnth small bowel oi Inei peneti ations, oi 
wuth consideiable hemoiihage 

The lectum w'-as peifoiated in foiii cases Thiee of these injtiiies weie 
gunshot wmunds, and two of the patients lived, wdieieas one died In all of 
the gunshot wmund injuries of the lectum, the bullet enteied thiough the 
buttocks When the wmund of entiy is so located, the possibility of intia- 
peiitoneal injuiy is fiequently oveilooked and the intiapeiitoneal entrance 
of the bullet may not be recognized until signs of localized oi diffuse peiitomtis 
become appaient It has even happened that patients wnth gunshot wmunds 
of the buttocks have been dischaiged from the hospital befoie intiapentoneal 
injury w^as lecognized, only to be lehospitalized seveial days latei when 
definite evidence of peiitomtis had developed The othei case in this senes 
111 w^hich peifoiation of the rectum occuiied, w^as one in which a stalk of sugai 
cane accidentally enteied the anus, and caused peifoiation of the anal canal, 
the lectum, and the neck of the bladdei , this patient suuived 

The 1 datively low'’ mortality late in the gioup of cases with laige intestine 
mjuiy w^as strikingly at variance with the generall} conceded seiioiisness of 
large intestine mjuiies, and w'as piobably due to the lelativel} small quaiitit\ 
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of spillage which ordinarily accompanies such injuries, as well as to the 
tendency of the relatively solid large intestine content which does escape, to 
leinain localized 

Perforation of the gallbladder in the region of its neck occuiied in one 
gunshot wound case, while in anothei gunshot wound case there was injury 
of the common bile duct associated with injury to the pancreas, jejunal mesen- 
tery, and spinal cord , both of these patients died 

Injuries to the uretei, kidney, bladdei or prostate occuired in ten in- 
stances In most of the cases with uiinary tiact injury, the existence of the 
lesion was suspected because of the location or dii ection of the gunshot oi stab 
wounds In seveial instances, howevei, unsuspected urinary tract injuries 
were revealed as a result of loutine examination of the urine for gross oi 
microscopic blood The kidney was injuied m thiee cases in the gunshot 
wound gioup, in two instances the mjuiies weie located m the upper pole of 
the kidney, and were followed by survival m one instance and death m the 
other, the third case had an mjuijf of the kidney in the hilar region, and this 
patient died Injury to the kidnej’^ occuiied in one stab wound case, this 
patient lived Kidney injuiies aie paiticulaily serious, and theie is no 
efficient method of dealing with them The i etropei itoneal location of the 
kidneys, and the large retropei itoneal hematomata, usually associated with in- 
juries to the kidneys, frequently make it impossible to accuiately deteimine 
the location and extent of the injuiy Undei such circumstances, exposuie of 
the lenal blood vessels is extiemcly difficult, and either transperitoneal 
nephrectomy, aftei mobilizing the mesocolon, or removal of the kidney through 
a separate lumbar incision involves dangeious additional trauma and prolonga- 
tion of the operation Injury of the left meter was piesent in one of the gun- 
shot wound cases and was associated with model ate i eti operitoneal hemor- 
ihage extending between the leaves of the descending colon and sigmoid 
mesenteries , this patient lived 

Injury to the bladdei occuiied m five cases in the gunshot iioiind gioup 
In two instances, these mjuiies were contusions or incompletely penetrating 
injuries of the bladdei wall , both of these cases, m one of which there wa^ 
considerable perivesical hemoiihage, suivived following plication of the blad- 
der wall One case in which peifoiation of the bladdei was associated with 
perforation of the prostate suivived Of the remaining two gunshot wounds 
of the bladdei, both of wffiich weie peiforating wounds, one was accompanied 
by considerable extravasation of urine , both of the latter cases died In one of 
the stab wound cases, perforation of the vesical neck was associated with pei- 
foiation of both the prostate and the rectum, this patient survived 

Peiforation of the uterus occurred in one gunshot case and ivas associated 
with hemorihage into the broad ligament This patient lived following closuie 
of the uteiine peifoiation and ligation of bleeding points in the bioad ligament 

The diaphragm was injmed m one stab wound case, in which there was 
associated chest peifoiation caused by the same stab wound In this case, 
the twelfth rib was resected and, following peritoneal exploration through 
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the opening in the diaphragm, tianspleuial lepaii of the diaphiagm was ef- 
fected, the patient lived In none of the gunshot wound cases was the dia- 
phragm injuied 

Injuiy of the livei occuiied m nine cases, and was the result of a gun- 
shot wound m eveiy instance In six cases, the injuiies of the liver weie 
accompanied by injuiies to other impoitant viscera, five of these patients 
lived wdnle foui died In seven cases, the injiiiy was limited to the light 
lobe, m one instance, theie w'as injuiy of both the light and the left lobes, 
in the lemainmg case, the site of the livei injury w^as not recoided In fi\e 
instances, the chaiactei of the w^ound was stellate oi lacerated, and in one 
instance a fuiiow^ed w^ound involved the low'ei suiface of the light and left 
lobes , the lest of the w^ounds W’-ei e punctate In the nine gunshot w ound cases 
in wdiich injury to the livei occuired, theie were, in thiee instances, no asso- 
ciated lesions, and of these patients, two lived and one died, wdnle in the six 
cases wnth associated injuiies to other viscera theie weie thiee deaths and 
three smvivals Blood clots wdnch had foimed between livei lacerations w'ere 
usually not disturbed because of the bleeding wdnch usualty follow's then 
removal In none of the stab w^ound cases was the livei injuied 

Spleen injuiies occuried in thiee gunshot wound cases, but injuiy to tins 
oigan w^as not obseived in any of the stab w^ouiid cases In one instance, 
the peiforation w^as located in the uppei half of the spleen wdnle in tw^o in- 
stances the mjiuy occuiied tlnough the low^er pole , tw^o of these patients lived 
In the fatal case, a punctate w^ound involved the lowei pole of the spleen A 
model ate to a laige amount of hemoiihage w^as associated wnth the mjuiies 
to the spleen Tw'^o of the thiee cases lived wnthout splenectomy being pei- 
foimed The third case had an accompaitying kidney peifoiation wdnch may 
have played an important part m causing death It is piobably usually ad- 
visable to peifoim splenectomy, if the mjuiy of the spleen is a laceiated one 
01 if it IS located neai the Inlum of the spleen Howevei, if the patient’s 
condition is extiemely pooi, if theie are many associated hollow^ visceral in- 
juiies, if the spleen wound is punctate and located aw^ay fiom the hilum, and 
if no bleeding fiom the spleen is occuiimg at the time of opeiation, it is 
sometimes bettei not to peifoim splenectom} 

The panel eas w^as injured in only one case This injuiy, wdnch occuiied 
m the region of the head of the pancieas, was associated wntli injuiy of the 
spinal cold, the common bile duct, and the jejunal mesenteiy Death oc- 
curied seveial days follownng exploration and the intioduction of diains wdnch 
extended dowm to the site of the injuiy to the pancieas and the bile ducts 
The outcome follownng a gunshot injury of the pancieas is largel} dependent 
upon wdiether oi not one oi both ot the piincipal pancreatic ducts have been 
injuied, and upon the chaiactei of the associated injuiies Transplantation 
of the pancieas oi the pancreatic ducts into the small intestine is usually not 
feasible in the instance of patients who have penetiating wounds of the 
abdomen 
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The mesentery was injured in many gunshot wound cases m this senes 
The injuries frequently occurred through avascular areas oi neai the attach- 
ment of the mesenteiy to the intestine, and in such cases, laige vasa lecta were 
not injuied, so there was a i datively small amount of intrapeiitoneal bleed- 
ing, and no hematoma formation between the leaves of mesentery In some 
cases, however, injuries of the mesenteiy occurred in the central zone of the 
mesentery, and were associated with injuries to the mesenteric blood vessels, 
with resulting exti avasation of blood and formation of hematomata between 
the leaves of mesenteiy This second class of mesenteiic injuries constitutes 
a moie seiious problem because of the difficulty of either locating the ends of 
the injured vessel or of satisfying one’s self that adequate spontaneous hemo- 
stasis has occuried and will pi event subsequent bleeding A third type of 
mesenteric injuiy deserves special consideration, ic, mesenteric mjuiies oc- 
curring exactly at the junction of the mesenteiy with the intestine, and asso- 
ciated with a dissecting hematoma between the leaves of the mesenteiy Such 
injuiies require especially close examination in older that it may be deter- 
mined w'hethei or not theie has been paitial oi complete rupture of the intes- 
tinal wall in addition to injury of the mesenteiy A fourth type of mesenteric 
injury, and certainly the most seiious of all, is that w'hich occuis near the base 
of the mesenteiy, for m this region eithei injui)'^ to, or ligation of, a mesenteric 
blood vessel mteifeies ivith the blood supply to a large segment of intestine 
Furthermore, deteimmation of the location, chaiacter, and extent of blood ves- 
sel injury m this poition of the mesentery is particularlj'^ difficult on account of 
the obscuring hematoma which lapidly develops between the leaves of the 
mesentery 

Injuries to the gastrocolic, gastrohepatic, or hepatoduodenal omenta may be 
more or less serious, depending upon the piesence oi absence of important 
blood vessel damage or upon the pioximity of the mjuiy to the junction of the 
mesentery with the stomach oi intestine The gasti ohepatic mesentery was 
injured m two cases m this senes, both of which lived, and the gastrocolic 
mesentery w'as seriously injured m one case, which died 

The gieat omentum, because of its usual large size, is paiticularly likely to 
be injured m penetrating wounds of the abdomen, and mjuiy to omental blood 
vessels may be responsible for most of the intrapeiitoneal hemoirhage in some 
penetrating wounds of the abdomen Extensive mjuiy to the omentum oc- 
curred m two gunshot wmund cases In the stab wmund gi oup, evisceration ot 
the omentum occurred m two cases In seveial instances, especially m the 
stab wound cases, the omentum w'as found to be plugging an opening in the 
abdominal wall, thus preventing the evisceration of loops of intestine, while in 
other instances it \vas found applied ovei and at least partially sealing intestinal 
perforations 

Perforations of either hollow' oi solid viscera aie likely to be overlooked m 
the course of operations for penetiating wounds of the abdomen Such over- 
sight may result either from the hurried procedure which is necessary in the 
presence of such injuries, or because of obscuring hematomas Billings and 
Walking,®® Wilson,^® and Oberhelman and LeCounF® have drawn attention 
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to the frequency with which unrepaiied peifoiations aie discovered at autopsy 
Thoiough examination, paiticulaily of the hollow viscera, after all peiforations 
aie thought to have been lepaiied may well precede closure of the peritoneum, 
if the patient’s condition wan ants such a recheck Rectal perforations aie 




Tpansvepse 
lacerated wounds 



li o n. g itud trial 
lacerated wound 



Multiple wound? 



Jux.ta -wounds 



Wound at 

mesenteric border 


Fig 5 — Driwing illustrating the \arious types of penetrating 
wounds of the intestines Multiple ^\ounds, such as those shown 
at the louer left should be closed separatel> rather than treated by 
resection of the segment m which they are located Wounds at the 
mesenteric border, such as that shown at the lower right, are par 
ticularl> likely to be overlooked or imperfectly closed, because of their 
location and because of the obscuring hematoma, nhich frequently 
forms between the lea\es of the mesentery 


cbpecially likely to be overlooked in gunshot wound injuries in which the bullet 
has entered in the gluteal, sacral, or perineal regions Fuithermore, extra- 
peritoneal hemorrhage is pai ticulaily likely to obscure or conceal rectal wounds, 
even during exploration of the abdomen Table II shows the various injuries 
and operative proceduies in the pieseiit senes of cases Figuie 5 illustrates 
the various types of intestinal injuries found 

Operative Pi ocedia es — The opeiative procedures peifoimed in the pres- 
ent series are shown in Table II Abdominal exploration and evacuation of 
liquid blood and blood clots were effected m six cases in which almost no other 
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procedure was necessary or feasible Several of the cases in which only ex- 
ploration and removal of blood were undertaken had inaccessible penetrating 
wounds of the dome of the liver In one gunshot wound case, the only injury 
found at operation was a penetiation of a blood vessel m the gastrohepatic 
omentum, and the sole piocedure, in addition to lemoval of blood and blood 
clots from the lesser peiitoneal cavity, consisted of ligation of the bleeding ves- 
sel and closure of the opening m the gastiohepatic omentum In another case, 
in which there was a punctate injury of the spleen, with no bleeding at the 
time of operation, the only procedure was the removal of blood and blood 
clots Whenever a perfoiation was discovered in either the stomach or in- 
testine, examination was made foi a possible second penetrating wound in the 
nearby opposite wall When a perfoi ation on the antei lor wall of the stomach 
was discoveied, the lesser peiitoneal sac was opened and the posterior wall 
of the stomach examined for a possible second penetiatmg wound Prey and 
Foster^'* found that enlargement of the wound in the anterior wall of the 
stomach was the simplest and quickest method of leveahng, as well as repair- 
ing, wounds involving the posterioi wall of the stomach 

Method of Closwc of Pofoi atwns — Peiforations of hollow visceia weie 
usually repaired by means of mtei rupted oi continuous through-and-lhrough 
sutuies which were sometimes supplemented by the introduction of Lembert 
sutures or Cushing light angle sutuies Puise-strmg sutuies weie employed 
in closing some of the pcifoiations and fiequently these weie supplemented bj' 
a second purse-string sutuie or b)'^ sutuies introduced m Lembeit oi Cushing 
fashion Small cahbei bi aided silk on a straight round needle \\as used foi 
the intioduction of the through-and-thiough, Lembert, or puise-stiing sutures 
in the stomach and intestines Figuie 6 illustrates various methods of closing 
perfoiations of hollow viscera When intestinal resection was undertaken, 
chromic catgut No o or i, on atiaumatic needles, was used foi the intei locking 
through-and-thi ough and loop-on-the-mucosa sutures, and silk was used for 
seromuscular suturing On the basis of the results following intestinal resec- 
tion in comparison with the results, even when maiij' closely located intestinal 
perforations oi lacerations wei e closed independently, it appears that intestinal 
lesection should be perfoi med only m the piesence of an absolute indication 
Oberhelman and LeCount^^ have also concluded that m only a few instances 
IS resection of visceia oi parts of viscera necessaiy When lesection is re- 
sorted to, some type of end-to-end anastomosis other than by means of Murphy 
button and preferably by one of the “aseptic” oi “closed” methods is preferable 
to side-to-side anastomosis Less “tuin-in” oi spur formation can usually be 
better assured by employing the Fuiniss**^ method 

The peiformance of enterostomy, in anticipation of ileus, is unwai ranted 
The results obtained by means of entei ostomy are unsatisfactory and there is a 
dangei of pioducing intestinal obstiuction eithei tin ough the pioduction of 
stenosis or angulation at the site of enterostomy, oi thiough the development of 
a volvulus about the loop of intestine which is fixed to the abdominal wall 
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Furtheimoie, the objectionable and dangeious effects, including excessive 
loss of fluids, winch aie likely to follow jej unostomy and sometimes even 
ileostomy, suggest that enterostomy should seldom, if ever, be performed in 
cases of penetiatiiig wounds of the abdomen Tins attitude m respect to the 
perfoi malice of eiitei ostomy has been partly due to the development of safer 
and moie efficient methods foi the pievention of distention of the small in- 
testine, such as the maintenance of continuous suction through an indwelling 
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Fig 6 — Drawing showing various methods of renairing 
perforations of hollow viscera The figure at the lower left indi 
cates the method of repairing defects m the mesentery by ligation 
rather than by suture closure of the defect, which latter procedure 
entails the risk of perforating mesenteric vessels which are ob 
scured by a hematoma between the lea\es of the mesentery 


gastroduodenal catheter, or even a Miller-Abbott tube, and the hypodermic 
administration of laige doses of morphine 

Hepatorrhaphy was pei formed m two gunshot wound cases m which 
extensive stellate or laceiated wounds were present Heavy chromic catgut 
was used to approximate the liver surfaces In addition to gauze packs which 
weie used in several instances to control bleeding from the liver, hot com- 
presses weie applied directly to the exposed livei surfaces during the opera- 
tion, and in still other instances, strips of rectus muscle were removed, 
macerated, and applied to the bleeding surfaces 

The mesentery of the small intestine was lepaired in nine instances in the 
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gunshot wound gioup Although the amount of bleeding fiom the mesentery 
was slight to moderate in most instances, in two cases very active bleeding 
from blood vessels in the mesenteiy was obseived at the tune of operation 
In none of the stab wound cases was there occasion to lepaii the mesentery 
On account of the dangei of sli angulation oi puncture of vessels in the 
mesenteiy or omentum, which is likely to occui when these structuies are 
sutuied, inesenteiic oi omental defects, both small and laige, weie usually 
closed by giasping the divided mesentery oi omentum at opposite points with 
foiceps and tying together the poitions of mesentery or omentum within the 
giasp of forceps as shown in the lowei left illustration in Figure 6 

When evisceration of the omentum had occuried, the eviscerated omentum 
and the sui rounding abdominal wall was cleansed, traction on the omentum 
was made until pieviously nonproti tiding omentum was withdrawn, and the 
evisceiated omentum was then resected The ligated stump of omentum was 
leplaced just before the abdomen was opened for exploration Aside fiom 
the importance of arresting hemorrhage, accurate closuie of defects in the 
mesenteiy and omentum was effected in order to pi event the occui rence of 
inteinal heiniae 

With the exception of one stab wound case, all kidney injuries in this senes 
were associated with othei visceial injuiies In no case was nephiectom}^ 
performed, because what is consideied to be the onl}'^ absolute indication for 
nephrectomy m penetiating wounds of the abdomen, i e , extensive injury in 
the legion of the lenal hilum, was not lecogmzed in an}^ instance Gauze 
packs or cigaiette diains weie intioduced through the injuiy in the kidney 
and allowed to exit thiough the lumbai bullet oi stab wounds oi through a 
surgically made stab wound in the lumbar legion Wounds in the peiitoneum 
overlying the kidney weie sutured to pi event hemoiihage oi leakage of urine 
into the peritoneal cavity The extensive peiiienal hemoirhage usually piesent 
made exact location of the kidne}^ mjuiies difficult Since extravasation of 
urine in the retropeiitoneal space is likely to result fiom obstruction to the 
outflow of uiine caused by blood clots m the jDelvis of the kidney oi m the 
uieter, a large indwelling uieteral catheter was introduced up to the pelvis 
of the kidney in several of the gunshot wound cases The uieteial catheters 
were aspirated or even gently iriigated at fiequent intervals following opera- 
tion Also, ureteial cathetei ization was performed pi eoperatively m three 
cases in the gunshot wound gioup m which mjuiy to the uietei or bladdei 
was suspected either because of the course of the bullet or because of preop- 
erative hematuria 

Closure of wounds of the urinai}'^ bladdei, or plication of the bladder wall 
m instances of incomplete penetration of the bladdei, was peifoimed in three 
instances in the gunshot wound group 

Transpleuial repair of an incised wound of the diaphragm was performed 
111 one instance in the stab wound group in which the knife causing the incised 
wound of the diaphragm entered the thorax and traversed the pleural cavity 
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The injuiy ni this instance occuned on the left side and, befoie closiiie of the 
diaphiagmatic wound was effected, the chest wall wound Mas enlaiged and 
the caidiac poition of the stomach \vas drawn through the opening in the 
diapliiagm and inspected A punctate rvound of the light diaphragm M^as 
found in one of the gunshot m oimd cases in ndiicli the dome of the liver m as 
penetiated Because of the piactical impossibilit}^ of sutuimg such wounds 
transpeiitoneall}', and because of the likelihood of adequate spontaneous shut- 
ting off of the communication between the chest and abdominal cavities by 
the close application of the Iivei to the diaphiagm, no attempt uas made to 
repaii this injury Transabdommal repair of the diaphiagm ivas performed 
111 one case in the stab ivound gioup in ivhich there ivas associated evisceia- 
tion of intestine and stomach 

Lumbar exploration of the abdomen folloivmg lesection of the Dvelfth nb 
was performed m two cases of the stab wound group in ivhich the patient had 
leceived stab wounds in the lumbar legion A rubbei tissue flap rvas placed 
ovei a “sucking” stab ivound of the chest in one case, in oidei to pi event the 
development of tension pneumothorax Within the limits permitted by the 
patient’s geneial condition, a careful and complete debridement of associated 
injuiies to such structures as the breast, the hand, and other extia-abdominal 
stiuctuies ivas done Ligation of the femoral vein, and aiteiioirhaphy of the 
femoi al artei y, ivas done m one of the stab ivound cases 

Exposure of and ligation of actively bleeding veins m the space of Retzius 
Mas necessaiy in one case in the gunshot Mmund gioup in mIucIi an extensive 
perivesical hematoma Mas present Exploiation of and ligation of veins in 
the broad ligament M^as also required in one instance m Mdiicli a dissecting 
hematoma extended into the lateial perivesical space Extiuded holloM’^ 
visceia M'ere cleansed Muth normal saline solution and perforations m them 
M’'ere sutured before the viscera weie replaced in the abdomen, and before 
finally placing drapes in preparation foi celiotomy 

Iirigation or lavage of the peiitoneal cavity M^as employed in only one 
instance — a gunshot M'ound case in Mdiich considerable spillage of intestinal 
contents had occuned Although this patient lived, it is believed that peii- 
toneal lavage should rarely be done Because of the time required to even pai - 
tially remove foreign mateiial by this means, and because of the likelihood of 
causing disseminated contamination, peiitoneal lavage is not only likely to be 
valueless, but it is piobably harmful On the other hand, postoperative mor- 
bidity and mortality may be considei ably reduced by picking out, sucking out, 
or sponging out any liquid blood, blood clots, detached pai tides of viscei a, in- 
testinal contents, Madding, bullets, or particles of clothing found Muthin the 
peritoneal cavity 

Prolonged search for bullets M^as not made at the time of operation Unless 
the patient’s condition Mas very good, only those bullets Mdiich M'ere inci- 
dentally found M'ere removed at the time of the principal operation In sev- 
eral instances, bullets M^ere found lying free m the abdominal cavity , m one 

801 



AMBROSE H STORCK 


Annals of Surgen 
M a > 1 1) 4 0 


instance a bullet was found lodged m the cecal wall , while in still another case 
a bullet was found lodged in the wall of the sigmoid 

Bullet wounds of entiance and exit weie usually debrided at the time of 
operation, but even the slight prolongation of anesthesia necessary to permit 
such debiidenient was sometimes considered unwarranted In some instances 
diains or packs were conducted through enlarged wounds of entrance or exit 
One or two cigarette diains were introduced in nine of the gunshot wound 
cases which lived In five of these cases, the diain was introduced through 
a stab wound made at the time of operation, and located in most instances 
lateral to the principal incision, although in two instances the drain was placed 
at one end of the celiotomy incision In one instance, the dram passed through 
an enlarged bullet wound of entrance, while in still another instance the dram 
was passed through an enlarged wound of exit One oi two cigaiette drains 
weie also used m six of the gunshot wound cases which died, in two cases the 
dram was intioduced through a surgically cieated stab wound, m two in- 
stances through the principal operative incision , and m two instances through 
an enlarged bullet entrance wound A single cigaiette diain was used in one 
of the stab wound cases which lived, the dram being introduced through a stab 
wound made at the time of operation In two stab wound cases which died, the 
drains weie brought out thiough the original stab wounds Because of the 
impossibility of draining the peritoneal cavity and because of the danger of 
intestinal obstiuction resulting from the introduction of drains into the peri- 
toneal cavity, the intrapeiitoneal intioduction of drains at the time of operation 
for penetiating wounds of the abdomen is now considered futile 

Closure of the abdominal opeiative incision was, in most instances, accom- 
plished by means of continuous No 2 chromic catgut sutures foi appioxima- 
tion of the peritoneum and transversalis fascia, interrupted No 2 chromic cat- 
gut for approximation of skin and subcutaneous fat, and for retention sutures 
It is felt, at pi esent, that bettei wound healing can be obtained by using inter- 
rupted sutuies of braided or twisted silk throughout the layered closure of 
such wounds Even though the operative incisions in penetrating wounds of 
the abdomen are usually contaminated, the significant findings of Sham- 
baugh and Dunphy,*’- concerning various suture materials in relation to the 
healing of contaminated or infected wounds, indicate that less serious wound 
infections and fewer wound ruptui es are likely to occur when silk ligature and 
suture material is employed Cotton thread may also be employed in pref- 
erence to catgut for ligatures and sutures 

Rubber tissue drains, placed between or beneath the rectus muscle and 
either beneath or above the anterior rectus sheath, were usually introduced 
and allowed to remain in place for fi om 48 to 96 hours before being completely 
removed Drainage of the operative wound in cases of penetrating wounds of 
the abdomen is particularly advisable, as a safeguard against the possible fatal 
mtraperitoneal rupture of an abdominal wall abscess 

Dwatwn of OpetaUon — The duration of opeiation m cases in which this 
factor was lecorded averaged 60 minutes in the survival group, and 82 min- 
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utes in the fatal group, as shown in Figure 7 That a direct relationship ex- 
ists between the duration of operation and the mortality m penetiatmg wounds 
of the abdomen is certainly to be expected, and Oberhelman and LeCount®^ 
have for this 1 eason strongly advised the avoidance, if at all possible, of time- 
consuming pi ocedures such as intestinal resection 

Postopei ative Coiase, Including Postopeiative Complications — Nausea 01 
vomiting occuried in only ii cases m the gunshot wound group In the stab 
\\ ound group, nausea or vomiting occurred in three cases Postoperative pain 
of consideiable degree was present m only nine cases m the gunshot wound 
group and m thiee cases m the stab wound group Postoperative distention 
was present to a considerable degree m 
1 1 cases of the gunshot wound group and a 
notable degree of ileus occurred in three 
cases m the stab wound group The lela- 
tively low incidence of the above distiess- 
ing postoperative symptoms was no doubt, 
m large measure, due to the employment 
of indwelling gastric or duodenal catheters, 
and to the admmisti ation of adequate doses 
of sedatives as well as to the routine ap- 
plication of heat to the abdomen 

Peritonitis was recoided as occurimg m only four cases in the combined 
group, with one survival and three deaths, the only instance of survival occui- 
ring in a gunshot wound case The remaining two gunshot wound cases and 
the one stab wound case died There weie evidently many more instances of 
peritonitis, both in the group which lived and the group which died, than is 
indicated by these figures In fact, peritonitis must have played an important 
part in practically all of the fatalities, with the exception of those cases in 
which death was due to shock and hemorrhage Careful observations for post- 
operative residual abscess such as subphrenic and culdesac abscesses, and the 
proper drainage of such purulent accumulations constitute an important pait 
of the postoperative observation and treatment of penetrating wounds of the 
abdomen 

An intestinal fistula persisted in one gunshot wound case and necessitated 
a subsequent operation for its closure The management of intestinal fistulae 
has been considei ed in an excellent 1 eview by Hartzell Although no patient 
m this series developed a pancreatic or duodenal fistula, it is noteworthy that 
bronzing powders may be applied to advantage for the protection of the skin 
and foi the pievention of the digestion of the abdominal wall -which usually 
accompanies pancieatic, duodenal, and high jejunal fistulae Also, the employ- 
ment of some sort of suction apparatus to continuously remove outpouring 
secretions affords symptomatic relief and hastens the closure of such fistulae 

Pulmonary atelectasis, pneumonia, and pulmonary embolism are particu- 
larly likely to occur in patients who have had penetiatmg ivounds of the ab- 
domen Hemoirhage, shock, and relatively prolonged anesthesia -without 
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benefit of adequate pi eanesthetic prepaiation, as well as postoperative peri- 
tonitis and ileus, frequently coexist or occui in sequence in patients with gun- 
shot wounds of the abdomen Transfusion, ample hydiation, early mobiliza- 
tion, the application of heat, avoidance of tightly applied dressings, and the 
encouragement of foi ced, deep breathing, as well as postoperative hyperventila- 
tion by means of carbon dioxide-oxygen inhalations immediately after opera- 
tion and dtiiing the subsequent postoperative period, as has been vaiiously sug- 
gested by Snyder,®'* Cutler and Hunt,®® Sante,®® and Henderson,®'^ are all 
methods which may be advantageously and effectively employed to minimize 
pulmonary complications The postopei ative aspiration of mucus from the 
respiratoiy tract by means of a catheter introduced immediately following 
operation or sometimes during the later postopei ative period may also at times 
serve to prevent oi relieve postoperative pulmonaiy complications Aspira- 
tion of mucus with the aid of a bronchoscope may occasionally be necessary, 
but the piopei application of other simplei methods makes bronchoscopic 
drainage rarely necessary 

Considerable infection of the opei ative wound occuried in eight gunshot 
wound cases, seven of which lived There weie no serious operative wound 
infections among the stab wound cases Postoperative wound ruptuie or 
evisceration occui led in one gunshot wound case, necessitating secondary 
closure of the wound This patient died Sepaialion of wound edges without 
evisceration occurred in two gunshot wound cases, both of which lived The 
use of intenupted silk sutures instead of catgut for closing the operative inci- 
sion might have avei ted the wound ruptui es 

Jaundice, due to absoiption of laige amounts of blood pigment from the 
letiopeiitoneal space oi peritoneal cavity, occui led postopei atively m one 
gunshot wound case Othei miscellaneous postopei ative complications in- 
cluded a second degiee burn of the thigh, pioduced by a hot water bottle One 
of the stab wound cases which suivived developed bilateial vasitis, epididymitis 
and a scrotal abscess Sudden unexplained collapse, evidently the lesult of 
embolism, was followed b}'' death in one stab wound case 

Postope} ative Tieatmenf — Postoperative treatment consisted in many in- 
stances of continuing measures which had been instituted eithei preoperatively 
or during the opei ation In addition to extei nal heat applied by means of hot 
w ater bags, a heat tent was placed ovei the abdomen in practically all cases 

At one time oi anothei during the postoperative peiiod of most of the cases 
of this senes, either the head or the foot of the hed was elevated six to twelve 
inches When patients wei e in shock, the foot of the bed was elevated, whereas 
when spillage into the peritoneal cavity of mateiial which might lead to the 
formation of a subphrenic oi residual abscess had occuried, the head of the 
bed was elevated Relativel)'^ laige amounts of morphine were administered 
for the relief of pain, to secure rest, and for the tone stimulating effect of this 
drug on the intestinal musculature It is remarkable that the erroneous belief 
that morphine causes ileus has persisted, following the demonstration by 
Gruber®® of the tone and peristaltic stimulating influence of this drug The 
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desirable influence of morphine in the presence of ileus has been demonstiated 
by Ochsnei , Gage, and Cutting Intravenous hypertonic, lactated Ringer s 
solution, in a 20 times normal concentration and in amounts vaiying from 6 to 
12 cc , may be employed to advantage to increase intestinal tone and peiistaltic 
activity m the presence of ileus 

An indwelling gastroduodenal catheter, intioduced thiough the nose, was 
used postopeiatively in a total of 25 cases in the combined gunshot and stab 
wound groups Fifteen of these cases lived and ten died Postoperative gastiic 
lavage with waim saline 01 sodium bicaibonate solution was peifoiined in a 
total of 13 cases in the combined gioup, nine of which lived and four of which 
died Although careful postoperative gastric lavage may be employed to advan- 
tage when the stomach has been penetrated and contains liquid or clotted blood, 
the peiformance of gastiic lavage is usually not necessary 01 advisable Im- 
mediate postoperative introduction of an indwelling catheter attached to a 
suction appaiatus almost always obviates the need for gastric lavage The 
indwelling catheter should be of large size, with many perforations, and it 
should be left m place until a 1101 mal pyloiic balance has been established 

Enemata and colonic flushes weie given to 19 of the gunshot wound cases 
Seven of the stab wound cases received enemata and flushes Since the ab- 
dominal distention which occuis postopeiatively in peiietiating wounds of the 
abdomen is principally due to ileus of the small intestine, enemata and flushes 
aie likely to be ineffectual Exhaustion or inci eased discoinfoit of the patient 
as well as an inciease of the degiee of ileus and distention is likely to follow 
lepeated large flushes Duiing convalescence, and after recovery from 
adynamic ileus has occui 1 ed, small purgative enemata may sometimes be safely 
and advantageous!}'' admimsteied A colon tube was inseited in several in- 
stances for the purpose of facilitating the elimination of accumulations of gas 
m the large intestine 

Surgical pituitrm was admimsteied to seven of the gunshot cases, three of 
which lived and four of which died The clinical and experimental deinon- 
sti ation by Ochsner, Gage, and Cutting®® that pituitary exti act usually fails to 
pioduce an increase, and may even cause a decrease, of intestinal tone and 
peiistaltic activit}'-, indicates that this diug should seldom, if ever, be used m 
attempts to relieve ileus Of the drugs which are commonly employed for the 
puipose of stimulating peristalsis, eseiine or piostigmiiie inethylsulphate ap- 
pears to be most effective The obseivations of Fine and Heimaiison,"® in- 
dicating the favorable influence of a high concentration of oxygen in the lung 
alveoli in causing reduction of intractable distention, can be advantageously 
applied in the postoperative management of ileus associated with penetrating 
wounds of the abdomen Oxygen therapy for the relief of ileus may be ad- 
ministeied by means of a cathetei introduced through the nose, by means of 
an oxygen tent , 01 by employing the method developed by Boothby,’'^ Love- 
lace’^^ and Bulbuhan 

Secondary or delayed entei ostomy was not undertaken m any case m eithei 
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group Since the development of superior methods of treating ileus, this usu- 
ally futile procedure has little place in the postoperative management of pene- 
trating wounds of the abdomen The Miller-Abbott tube may prove of value 
in selected cases of postoperative intestinal obstructions, particularly of the 
water-hose kink variety 

Postoperative transfusion of either whole or citrated blood was admin- 
istered in a total of 13 cases, six of which lived and seven of which died The 
average amount of blood given was 673 cc The six gunshot wound cases 
which lived received an average of 600 cc , and the six gunshot wound cases 
which died received an average of 820 cc In all of the gunshot wound cases, 
the citrate method was used The only stab wound case which received a trans- 
fusion was given 300 cc of untreated blood Although more frequent and 
larger postoperative tiansfusions of whole blood might have aveited several 
of the fatalities in this senes, the several factors already referred to in the 
discussion of preoperative transfusion fiequently made adequate transfusion 
impossible 

The methods now available for quick determination of plasma protein 
levels, including the falling-drop method'^® and the Bing-bead method,"*® now 
make it relatively easy to ascertain that this blood constituent is at the level 
necessary for pioper wound healing and other reparative and regenerative 
piocesses A lowered plasma protein level is likely to result from the necessary 
restriction of adequate amounts of protein derived from oral feeding Plasma 
protein depletion is a factor m defective wound healing , it may also lead to the 
complete occlusion of the intestinal lumen at a site which has been narrowed 
during the lepair of perfoi ations, with resulting complete obstruction such as 
has been shown to sometimes occur at the ostomy of gastro-entei ostomies 
Leakage along sutuie lines and at the sites of repair of intestinal perforations 
has no doubt in some cases been due to inadequate fibrin formation Peritonitis, 
resulting from such leakage, has surely been responsible for some of the deaths 
following penetrating wounds of the abdomen, and might have been prevented 
by the administration of adequate tiansfusions of whole blood, or the admin- 
istration of lyophihzed serum 

Infusions, which in many instances were administered as a continuous 
intravenous drip, were given to ten cases, the average amount being 700 cc 
Eight of these patients died, five of the deaths occurring in the gunshot wound 
group, which leceived an average of 1,000 cc of 5 per cent glucose and normal 
saline The one gunshot wound case which lived received 2,500 cc of a mix- 
ture of 10 per cent glucose and normal saline Three of the four stab wound 
cases which received infusions died The fatal stab wound cases which vere 
given infusions received an average of 2,500 cc of 10 per cent glucose In ad- 
dition to the infusions, an intravenous drip of 10 per cent glucose and saline 
was administered to three gunshot wound cases, all of which died after 
receiving an aveiage of 4,000 cc 

Hypodermoclyses were usually administered in the subcutaneous tissues of 
the medial aspects of the thighs rather than in the subcutaneous tissues of the 
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chest These clyses consisted of a mixture of equal parts of lo per cent glucose 
and normal saline and were administered to practically all cases in both groups 
during the postoperative period For the combined groups, the average 
amount given was 3,451 cc , those which lived receiving an average of 3,904 
cc, while those which died received an aveiage of 2,615 cc The gunshot 
wound cases which lived received an avei age of 4,060 cc , while those which 
died received an aveiage of 2,927 cc The stab wound cases which lived 
received an average of 3,125 cc , wdiile those wduch died leceived an aveiage 
of 1,000 cc 

Insulin, given for the purpose of buffeiing glucose m infusions, w'as ad- 
ministered to foui patients in an average dose of 46 units, for the combined 
group In the combined group, those patients wdio w'ere given insulin and 
lived, received an average of 55 units, wdiile those who leceived insulin and 
died w^ere given an average of 37 units Tw^o gunshot w^ound patients wdio 
received insulin and lived w ere given an avei age total dose of 32 5 units 
There is no record of any fatal gunshot case having received insulin Of the 
tw^o stab w'ound cases, one of w^hich lived and one of wdiich died, each received 
a total of 60 units The administration of insulin along with glucose of moie 
than 5 per cent concentration is paiticularly advisable in view^ of the demon- 
stration by Ochsner, et al of the peristaltic inhibiting effect exeited by 
glucose of more than 5 per cent concentration 

Adhesive plastei strapping of the chest w^as done on one gunshot wound 
case, w^ho had an associated chest injuiy Aspiiation of the pleuial cavity 
w^as necessary m another case in wdiich there w^as an associated hemothorax 

In a few^ cases m wdiich postoperative bleeding occuried, various “hemo- 
static” drugs w^ere employed “Antivenin” was given intramuscularly in the 
case of one gunshot wnund case which died “ceanothyn” w^as administeied 
orally m repeated doses of one or moie ounces to two gunshot wound cases, 
one of wdiich lived and one of wdiich died, “coagulen.” 111 doses vaiying from 
3 to 25 cc , intramuscularly, was given to four gunshot w^ound cases, tw^o of 
wdiich lived and two of wdiich died, parathyioid hormone, m doses vaiying 
from 5 to 30 units, was administered to four gunshot w^ound cases, twm of 
wdiich lived and tw'o of wdiich died , calcium chloride w^as given mti avenously 
111 doses of from 15 to 45 gr to three gunshot w^ouiid cases, tw’’o of which lived 
and one of which died Calcium lactate w^as administered to one gunshot 
w^ound case wdiich lived In several instances, tw'O or more hemostatic agents 
were administered to the same patient These drugs weie either given 
singly or 111 such varying combinations that, especially 111 consideration of the 
small number of cases 111 which they w^ere used, no conclusions could be drawni 
concerning the efficacy of any of them Epinephrine hydrochloride was ad- 
ministered hypodei inically or intravenously to 14 of the combined gunshot 
and stab wound cases The average total amount given to four cases in the 
combined group wffiich lived was six minims, wdiile the average amount le- 
ceived by ten cases wdiich died w^as 156 minims Unless a large dose seemed 
absolutely necessary, the epinephrine w’^as administered hypodermically m 
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lepeated doses of two oi thiee minims, eveiy one oi two houis, or even more 
frequently In still other cases, the epmephiine was added to a saline or glucose 
infusion Despite the undesiiable cardiovasculai effects of epinephrine, its 
administration in some cases seemed to be imperative Furthermore, although 
epinephrine causes depression of intestinal tone and inhibits peristaltic activity, 
restoration oi maintenance of the blood pressuie may necessitate the use of 
this drug Because of the damage of the suprarenal glands which may be 
associated with ileus due to peiitonitis, adrenal coitical extract might be used 
to advantage in penetrating wounds of the abdomen associated with ileus The 
pieparation of desoxycorticostei one acetate, as employed by Thom, ct al m 
Addison’s disease, might be employed foi this purpose 

Caffeine sodium benzoate was admimsteied to 14 of the patients in the 
combined gunshot and stab wound gi oups Combining the gunshot and stab 
gioups, the amount of caffeine sodium benzoate admimsteied was 7 5 gi in 
one case which lived, while m 13 cases which died the average total dose 
was 16 5 gr 

Digitalis piepaiations weie administered subcutaneously, mtiamuscularly, 
01 inti avenously to a total of ii cases Although all but two of the patients 
who leceived digitalis died, eveiy one of these patients was in extremely poor 
condition The absence of strikingly beneficial effects of digitalis might be 
expected in such cases as those m this series, vho had a simple sinus tachy- 
caidia without disturbance of the normal conduction mechanism Under such 
ciicumstances, digitalis is not effective in impiovmg caidiac efficiency and may 
even exert only a toxic effect 

The impoitant role which the vitamins play in wound healing, lesistance 
to infection, and in maintaining livei function makes the postoperative ad- 
ministiation of ample amounts of concentiated vitamins by parenteral 01 oral 
routes, as suggested by Voibaus,"^ obviously impoitant in the instance of 
patients who are lecupeiating aftei penetrating wounds of the abdomen 

Urinary antiseptics, ic, “seiemum,’’ “pyiidium,” or methenamine and 
sodium acid phosphate, weie admimsteied to a total of five cases in the com- 
bined group, all of which lived These diugs weie employed either foi the 
tieatment of established uiinaiy tract infections 01 foi piophylaxis when 
supiapubic cj'^stotomy had been peifoimed, 01 when indwelling uieteial 
cathetei s wei e installed Except during the time w hen bladdei irrigations 
weie being peifoimed, a small cathetei connected to a suction apj^aratus w^as 
kept inserted in the suprapubic tube ivith the tip of the small cathetei reaching 
to 01 beyond the tip of the suiiounding cathetei, in oidei to keep the bladder 
empty 

Antiluetic treatment was administered postopei atively to six patients in 
the combined group, three of ivhich lived and thiee of which died Meicunal- 
ism, manifested by stomatitis and salivation, was obseived in one of the gun- 
shot cases receiving “mixed” treatment postoperatively This condition 
impioved rather lapidly following the discontinuance of the mercury prepara- 
tion, and the patient lived 
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Peifiingens seium was given postopei atively to one gunshot wound case 
wdnch lived Polyvalent antianaeiobic serum might have been ad\ antageously 
admimsteied to some cases The coh-bactiagen, advocated by Stembeig^® 
foi the prevention of peiitonitis, and such chemotherapeutic agents as sul- 
fanilamide and sulfapyndme weie not available duiing the period in wdnch 
the cases in this senes w^eie observed, but may possibly be of value m cases 
of peiitomtis resulting fioin penetiatmg w^ounds of the abdomen 

Moifahfy — The mortality in the piesent senes of cases, as showm m 
Figuie 8, although companng favoiably wnth other compaiable senes, is dis- 
couiagingly high Had the methods 
wdnch are at piesent applicable in the 
management of penetrating w^ounds of 
the abdomen been available, and had all 
these impioved methods been consistently 
applied in the tieatment of the cases in- 
cluded m this repoit, it is reasonable to 
expect that the mortality might have 
been considerably low^er Although, be- 
cause of the veiy nature of such inj tines, 
the moitahty in penetiatmg wmunds of 
the abdomen wall mevitabl}'' remain rela- 
tively high, the constant improvement 
111 methods of treating shock, hemorrhage, ileus, and pentonitis is encoui aging 

SUMMARY AND CONCLUSIONS 

(1) The piesent repoit is based on 46 personally managed cases of pene- 
trating wmunds of the abdomen, 35 of wdnch w^eie gunshot wmunds, and ii of 
wdnch w’^eie stab wmunds 

(2) Facilities for quick transpoi tation, anangements to shorten the pie- 
operative duration of the mj tines, and provisions for piomptly combating shock 
and hemonhage are impoitant m the management of penetiatmg w'Otinds of 
the abdomen 

(3) The symptoms associated wath penetiatmg wmunds of the abdomen 
ate fiequently indefinite Pam is fiequently slight 01 absent Penetiatmg 
wfotmds of the abdomen wdnch occtti via the gluteal, sacral, or pei meal regions 
aie paiticulaily likely to be overlooked because of the frequent absence of 
eail}'' symptoms 

(4) Physical findings in penetiatmg w'otmds of the abdomen may be mis- 
leading Tenderness and rigidity are not constantly piesent 

(5) Examination of the uiine for gross or microscopic blood should be 
made m older to reveal or confirm the presence of injuries of the urinaiy 
tract 

(6) Red blood cell counts and hemoglobin deteinnnations may be mis- 
leading or late mdicatois of hemonhage 
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(7) Roentgenologic examination is often of value m the preojDerative de- 
teimination of probable injuries 

(8) The lecognition of associated mjuiies, particularly those of the chest, 
IS important m the management of penetrating wounds of the abdomen 

(9) Study of wounds of entrance and exit may indicate whether or not 
penetration of the abdomen has occurred When there is uncertainty con- 
cerning penetration of the abdomen, exploratory celiotomy usually should be 
perfoimed Even when the wounds have been produced by small-sized shot, 
abdominal exploration should be performed 

(10) A short interval between the time of injur}^ and the time of operation 
usually favorably influences the outcome, but opeiations should be delayed 
until patients have at least considerably lecovered from shock In upper ab- 
dominal penetrating wounds, operation may be necessary and is relatively 
safe dm mg a longer period than m wounds which involve the lower portions 
of the abdomen 

(11) Prolonged shock produces irreversible deleteiious effects, therefore, 
attempts should be made to rapidly combat shock and hemorrhage 

(12) The extent of hemoirhage laigely determines the outcome in pene- 
tiatmg wounds of the abdomen In the presence of considerable hemorrhage, 
transfusions during and shortly aftei operation and totaling as much as 3,000 
cc of blood may be necessary Transfusion registries and blood banks are 
important m making available adequate supplies of blood Transfusions of 
blood should, whenevei possible, displace the administration of saline 01 glu- 
cose infusions or stimulant drugs 

(13) Spinal anesthesia may be employed to advantage in selected cases 

(14) The ricochet of bullets, as well as ^allatlons in the relative position 
of parts of the patient’s body at the time of injury, as compared with the posi- 
tion of the same parts on the operating table, accounts for apparently bizarre 
courses of bullets Unexpected and unpredictable visceral injuries due to 
the position of the patient, ot the phase of respiration at the time of injury, 
were frequently obseived The specific injuries observed in the present series 
of cases aie listed m Table II 

(15) The total numbei of peiforations of either hollow 01 solid viscera 
was only slightly less m the gioup which lived than in the group which died 

(16) Whenevei peifoiation of one wall of a hollow viscus is detected the 
opposite wall of the viscus should be examined for possible iiijuiy 

(17) The mortality rate was unusually low m the gioup of cases with 
large intestine injury, probably because of the relatively small amount of 
spillage which accompanies such injuries 

(18) Extraperitoneal hemorrhage or hemorrhage between the leaves of the 
mesentery is likely to obscure important injuries 

(19) Injuries of the gallbladder, bile ducts, pancreas and kidneys are ex- 
tremel)'’ seiious Perfoiations of the spleen usually lequire splenectomy 
Hemorrhage from lacerations of the liver may sometimes be satisfactorily 
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sutured, but m other instances hemorrhage from lacerated surfaces of the 
liver can best be conti oiled b)^ means of packs 

(20) Unrepaired peiforations are fiequentl} discovered at autopsy, there- 
fore, reexamination after all perforations are thought to have been repaired 
IS advisable if the patient's condition warrants such a proceduie 

(21) Because of the important relationship between hemorihage and mor- 
taht}, attention during operation should be diiected first to the ariest of 
bleeding 

(22) Time-consuming procedures, such as intestinal resection, should be 
avoided whenevei possible 

(23) Mechanical anastomosis devices should rarely if evei be used 

(24) Enterostomy is usually ineffectual, and has been displaced by bettei 
methods of pi eventing or combating ileus 

(25) Drains introduced into the peritoneal cavity are usually unnecessary 
and undesiiable, but drainage of the abdominal wall should be instituted when 
hollow viscera have been perforated 

(26) Silk or cotton sutures and ligatures aie superior to catgut for the 
lepair of hollow viscera and for the closuie of the abdominal wall 

(27) Irrigation or lavage of the peritoneal cavity is usually futile, but it 
IS desiiable to suck out or pick out from the peritoneal cavity liquid blood, 
blood clots, detached pai tides of visceia, intestinal contents, and foreign 
bodies 

(28) Postoperative attention should include measures to combat any still- 
existmg shock 01 effects of hemorrhage 

(29) The application of heat to the abdomen, the administration of large 
doses of morphine, the establishment of gastroduodenal suction drainage, the 
avoidance of enemata and flushes, and the infusion of glucose and lactated 
Ringer’s solution are effective measuies in preventing 01 reducing the severity 
of ileus and peritonitis The Miller-Abbott tube as well as ox3’^gen therapy 
may be employed to advantage m selected cases 

(30) Biologic preparations, such as coli-bacti agen, and chemotherapeutic 
agents such as sulfanilamide and sulfapyi idine may piove of value in reducing 
the mortality from peritonitis resulting from penetiating wounds of the ab- 
domen Desoxycorticosterone acetate, or other preparations containing the 
adrenal cortex hormone, may benefit those cases in which peritonitis is antici- 
pated or already exists 

(31) Vitamins should be administered parenterally or orally to favor 
wound healing and to compensate foi the general vitamin deficiency which is 
likely to develop during the postoperative period 

(32) Lyophiled serum or whole blood transfusions are sometimes necessary 
to maintain plasma protein at a normal level during the postoperative period 

(33) Atelectasis and pneumonia frequently complicate penetrating \\ounds 
of the abdomen , therefore, measures should be taken to prevent or promptly 
treat these pulmonary complications 

(34) The mortality of penetrating wounds of the abdomen is, and will. 
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suiely continue to be, disappointingly high In the piesent senes, the nioi- 
tality in the stab wound cases was 272 pei cent, the mortality in the gunshot 
wound cases was 40 pei cent, and the combined moitahty was 37 pei cent 
Howevei, lecent advances in the tieatment of shock, hemorihage, ileus and 
peritonitis, all of which aie so important m the management of penetrating 
wounds of the abdomen, are encoui aging 
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Discussion — Dr Rudolph Matas (New Orleans, La ) It is unfortunate 
that Doctor Storck’s valuable paper should have come up too late for adequate 
discussion Despite the gieat pi ogress accomplished 111 abdominal surgeiy, 
penetrating, and especially gunshot, wounds of the abdomen still remain the 
gravest of our major hospital emergencies It is, therefore, fitting that out 
Association, representing as it does all that is distinctive or typical of the 
surgery of the South, should continue to be, as in the past, the repository of 
the collective and most authoritative experiences and opinions on this subject 
We are not only concerned m the pi oblem surgically, but sociologically because 
the frequency of homicidal gunshot wounds, m general, and of the abdomen 
111 particulai, have contributed to establish oui disgraceful reputation for 
uncontrolled “gun toting” and “most murderous nation in the world ” I am 
particularly interested m Doctor Storck’s paper because it reflects the present 
expel lence of the Chanty Hospital of New Orleans, m which I have been 
deeply concerned as a visiting surgeon and teacher during the 47 years that 
I was active in its staff (1880-1927) and, as you see, am still interested despite 
my present consultant status 

No one who is familiar with this hospital, or who has systematically studied 
its annual reports, can fail to be impressed by the extraordinary opportunities 
that It offers for the study of gunshot wounds, in general, and of the abdomen 
in particular 

Interested in the sociologic, racial and surgical aspects of the subject, I 
undertook, in 1891, a statistical inquiry into the incidence of gunshot wounds 
in New Orleans with special reference to those of the abdomen, which up to 
that time had not been regarded as surgical Part of this material was con- 
tributed to Dr F Byron Robinson’s Intestinal Surgery published the same 
yeai Again, m 1901, assisted by Mr Edward Hynes, we compared the 
prevalence of gunshot wounds of the abdomen with other institutions, and 
found that the admissions in the Charity Hospital for the decennium 1890- 
1900, alone, exceeded those of nine other general hospitals in Boston, New 
York, Philadelphia, Cincinnati and St Louis, for the same period, the com- 
bined hospitals totaling 205 cases against the Charity Hospital’s 234 cases 
The same evidence of oui hospital’s unenviable superiority in homicidal 
gunshot wounds was confirmed latei m statistics collected for Major Lagarde’s 
Militaiy Treatise on Gunshot Injuries (1914) These satistical studies were 
particularly utilized for my lecture to military classes of the Medical Reserve 
Corps, established at the Charity Hospital under my direction by the Surgeon 
General, in 1917-1918, but the teaching value of this material was more 
fully exhibited in my report of 1925-1926, as Chairman of the Committee 
on Gunshot Wounds of the Abdomen appointed by the Staff, which showed 
that in 35 years (1890-1925) 1,175 patients wnth penetrating gunshot wmunds 
of the abdomen had been admitted to the hospital, wnth an avei age annual mor- 
tality of 60 52 per cent 

Keeping pace wath the growing population of the hospital, of the city, and 
of the surrounding country, the admissions for gunshot wmunds in general, for 
the 24 years, 1904-1928, amounted to 6,075 gunshot w'ounds, wnth 1,284 
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deaths — including 6o per cent in Negioes It is not surpiising that Majoi 
Lagaide jokingly suggested that the students in the Aimy Medical School 
should come to the Chanty Hospital foi pait of then military training 

Fiom 1928 to 1939, II yeais, the geneial latio of gunshot wounds, includ- 
ing those of the abdomen, to the hospital admissions has diminished slightly, 
because the admissions to the Chanty Hospital were restricted to Louisiana 
citizens and theie is less “dumping” of out of town patients into New Orleans 
The moitahty has also appaiently diminished, as shown by Doctor Storck, but 
it IS still feai fully high — despite tiansfusions and prompt surgical aid The 
penetiating stab wounds, classically, letam their compai atively benign char- 
acter In a hurried survej^ I find that, duiing 1934-1935, combined gunshot 
and stab penetiating wounds of the abdomen numbered 55, gunshot cases 
opeiated upon, 32, with a mortality in 14 instances 01, 47 per cent Stab 
wound cases numbered 23, lesultmg m eight deaths, 01 a mortality of 3489 
pel cent 1935-1936, total gunshot and stab wounds, 63, gunshot operated 
upon, 38, a moi tality of 36 82 per cent Stabs, 25 , dead, five, a mortality of 
20 pei cent The graphic repiesentation of the mortality according to the 
oigans involved, and the classification of other factors m the mortality, is ex- 
cellent Having lived thiough the early peiiod of the 8o’s, when nonmtei- 
vention was the lule m gunshot wounds of the abdomen, I participated in 
the contioveisies and polemics of the “abstentionists” and “interventionists,” 
which alternately fluctuated m the practice of the hospital, m accordance with 
the opinions and dicta of the lesident house suigeons who tenaciousl)^ con- 
trolled the Emergency Seivice as their special prerogative Despite the suc- 
cess of Dr A B Miles, who inaugurated the operative tieatment of these 
wounds. Match 8, 1891, and that this Association had unanimously adopted 
a resolution moved by Di Howard Kelly, in 1896, to the effect that “m gun- 
shot wounds of the abdominal cavity, the pi oper 1 outme pi ocedure is to make 
an immediate lapaiotomy incision,” we see that as late as Jpoj, the majority of 
the penetiating gunshot wounds of the abdomen weie tieated medically, solely 
by lest, starvation and opium or moiphme, hypodermoclysis or saline intra- 
venous infusions 

It would be mteiestmg to follow piogiess of events and note the names 
of the distinguished men — chiefly Fellows of this Association — who, during 
the last half century, graduallj'’ stabilized the principles vhich at piesent 
govern the tieatment of these evei formidable injuries The surgeons of 
to-day, who depend solely upon the punted hteiatuie for information on the 
history of that tiansition period, miss much unpublished statistical informa- 
tion and paiticulaily the animation and even acrimony that pervaded some 
of these discussions But the time is too limited to do moie than stress the 
enoimous impoitance of the experience of hospitals such as the Chanty, at 
New Orleans, m diiectmg and fashioning the practice of the mihtaiy surgeons 
at the front, m the suigical pioblems of actual waifare, which at this moment 
compel univeisal attention 

The time foi the surgical stud)'- of gunshot and other wai wounds was 
never more oppoitune than at present, now that, m the clash of contending 
armies, countless thousands are falling hourly everywhere on the battle fronts 
of Europe and China fiom the effects of wounds inflicted by the most vaiied 
weapons and in the most diveise circumstances With this in mind, I have 
prepared a synoptic glance at abdominal gunshot wounds in the late civil 
war in Spam, a task which has been much simplified by the publication of the 
carefulty piepaied repoits of the Spanish Military Surgeons on both sides 
of the conflict, but particulaily the Nationalist (Fianco’s) Surgeons who have 
recorded and analyzed their expeiience m dealing with over 1,500 gunshot 
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wounds of the abdomen inflicted by all vai lety of missiles in all imaginable con- 
ditions, and, often heioic, circumstances in which they exeicised then suigical 
duties As It IS obviously impossible m this limited space to quote details, 1 
will condense the infoimation obtained fiom the official militaiy journals on 
both sides and from my pei sonal obsei vation while in Spain I \\ ill endeavoi 
to convey the general tiend of the conclusions by a few genei alizations gleaned 
from the very recent lepoits of Dis Nicolas Canto, A J Baion, F Cuadiado 
and G Roldan of Genei al Fianco’s Nationalist armies, and horn the pub- 
lications of Doctois Bastos, Beigos, and D’Hai court in the official journal 
of the Republican Staff at Barcelona As the methods of tieatment weie piac- 
tically the same in both ai lines, the genei al conclusions anived at by Di 
A G Baion (Revista Espanola de Med y Cii de Gueiia, 2, No 9, 219- 
234, Maich, 1939) will serve as a sample of the genei al suigical expeiieme 
of the Spanish Civil Wai Of 500 well lecoided abdominal wounds, 239 
(47 per cent) weie regaided as inopeiable and weie not celiotomized because 
(a) they weie bi ought fiom the field in a hopeless, dying condition In this 
group there were 192 of the wounded, of whom 97 per cent died , (b) 111 47 of 
the nonoperated group, no celiotomies weie pei formed because the visceial 
lesions were limited to the livei and it was thought that they had a bettei 
chance of suivival without opeiation The mortality in this gioup was 19 
pel cent, thereby confiiming the good judgment of the suigeons m not opeiat- 
ing (2) Celiotomies weie peifoimed for penetrating gunshot wounds in 
261 patients (52 pei cent of the 500 admissions), on an average of seven and 
one-half hours after the injuiy had been inflicted In 22 of these celiotomized 
patients, the lesions involved, almost exclusively, the paienchymatous organs, 
especially the liver, and, m this gioup there weie 47 per cent recoveries, or 
a mortality of 54 pei cent (3) Two hundred forty were celiotomized for 
lesions of the gastro-mtestmal tiact, alone or conjointly with other visceial 
wounds In this group only 25 per cent lecovered and 75 per cent died 
(4) Not included m these 500 cases were 22 exploratoiy celiotomies foi pene- 
tiating and nonpenetratmg, uncomplicated visceial injuries, the moitahty 
in this group was 55 per cent In addition, theie were 16 patients with 
possibly penetiating, but, seemingly, uncomplicated wounds In this gioup 
the moitahty was only 6 per cent (5) The gieat increase in aitilleiy war- 
fare, machine guns, explosive shells, shiapnel, hand grenades, aerial liombs, 
trench moi tars, etc , has increased the moi tality of the abdominal wounds by 
their multiplicity and wider range of destiuctive action and complications 
(Roldan) (6) The number of fatally wounded who suivived long enough 
from the shock and hemoiihage on the battle field to reach the casualty stations 
in a moribund and hopeless condition is iiici easing (35-47 cent) (Baion) 
This IS paiticularly charactei istic of tiench waifare, when the fatally wounded 
patients die on the field if delayed in ti ansportation, but survive just long 
enough to expire in the field hospitals when the distance is short and the 
sti etcher beareis aie piomptly on the spot (7) Despite the best caie and 
skill, the mortality of exploiatoiy celiotomies is still high, 37 per cent (8) 
It would seem that, despite the fiee and abundant resort to transfusion with 
whole or pieseived blood, and despite favoiable conditions foi operation, 
the mortality in peiforating wounds of the yastro-inte<;tinal tract still lemains 
liigb, 75 per cent (9) The moitahty of gunshot wounds of the abdomen in- 
volving the gastro-mtestmal tract shows relatively little improvement over the 
mortality of the same wounds recoided m the experience of the allied Fiench, 
British and Amencan suigeons, or of German operatois at the close of the 
Woild Wai, which was laigely a stabilized tiench wai with surgical dugouts 
close by (10) Undoubtedly, exposure m freezing temperatures, delay m 
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ti ansportation, starvation, hasty mobilization of the surgical staff, and patients 
m mobile wais exercise a veiy decided influence upon the prognosis, all of 
which was well exemplified in the freezing wintei tempeiatures at Teruel, the 
Ebio, Segre and the Pyienean slopes (ii) It would seem that the increasing 
desti uctiveness of contempoiaiy waifare, particularly in the multiplied and di- 
versified phases of aitillery file, on land, air and sea, offsets and counteracts the 
inadequate life-saving efforts of surgical science (12) For example, Baron 
quotes appiovingly of Goetze’s statement (1929) that “theoretically we may 
say that undei optimum conditions of surgical technic and transportation, in 
warfare, it is possible to save 25 to 30 pei cent of the penetrating wounds of 
the abdomen, who would be doomed to certain death without operation " But 
“when we face the ciuel lealities of the World War, as they apply to our 
[Spanish] expeiiences, we see that while it is tiue that from 1,850 to 3,700 
abdominally stricken soldiers owe then lives to timely surgery by celiotomy, 
we also realize the relative insignificance of oui contiibution when we cal- 
culate that 10 per cent of the 1,185,000 soldieis killed outright on the battle 
fields of the World War were caused b}^ the shock and hemorihage of pene- 
tiating abdominal wounds' The dispropoi tion of those saved by surgery and 
killed is the more appaient when we consider that fully 10 per cent of 1,185,000 
killed in battle is equal to 185,000 abdominal deaths on the battle field, before 
any surgical assistance can possibly 1 each the stricken men ” 

BIBLIOGRAPHY OF RECENT SPANISH WAR LITER VTURL ON ABDOJIINAL 

AVOUNDS 

Canto Borreguero, Nicolas Our Experience in Abdominal Wounds Rev Esp de Med 
y Cir de Guerra, Ano II, Valladolid, Toino 2, No 5, 1-8, Januarj, 1939 
Baron, A G Immediate Results Obtained m the Field Hospitals at the Front, in the 
Treatment of Penetrating and Complicated Abdominal War Wounds Rev Esp de 
Med y Cir de Guerra, Ano II, Valladolid, Tomo 2, No 7, 213-224, March, 1939 
Idem Selection of the T3’pe of Incision in Laparotomj' for War Wounds of the Abdomen, 
Based on an Anabasis of 269 Lapaiotomies for Abdominal War Wounds Rev Esp 
de Med j Cir de Guerra, Ano II, Valladolid, Tomo 2, No 9, 361-372, May, I939 
Cuadrado, Fernando Waj's of Access to Intraperitoneal War Wounds, Based on 207 
Laparotomj Incisions for War Wounds Rev Esp de Aled y Cir de Guerra, Ano 
II, Tomo 3, No 14, 267-278, October, 1939 

Duran, Gomez Fundamental Principles in War Surgerj (Includes Abdominal V'a- 
Wounds) Rev Esp de Med j Cir de Guerra, Ano II, Valladolid, Tomo 3, No 
II, I-3S, July, 1939, Tomo 3, No 12, 81-101, August, 1939 
Sevilla, Constantino Roldan Abdominal Surgerj m Wai fare Rev Esp de Med a Cir 
de Guerra, Ano II, Valladolid, Tomo 3, No ii, 66-72, Julv, 1939 
Bastos, M On the Prognosis of Abdominal War Wounds Revista de Sanidad de 
Guerra, Ano i, Barcelona, No 9, 1-9, January, 1938 
Bergos, Ribalta, F de A Notes on the Surgerj of War (Includes a Discussion on 
Abdominal War Wounds) Rev de San de Guerra, Ano i, Barcelona 2, No 9, 
24-46, Januar>, 1938 

Baron, A G Spontaneous Pneumoperitoneum in Penetrating and Complicated Abdom- 
inal War Wounds Rev Esp de Med v Cir de Guerra, Ano II, Valladolid, Tomo 
3, No 13, 173-189, September, 1939 

Dr R a Griswold (LouisA'ille, Ky ) I do not know whether the ice- 
pick IS used in New Orleans or not In Louisville it is the most lethal of 
all our hand-to-hand weapons A knife usually bieaks on the second or third 
stab but an ice-pick does not We get a large numbei of multiple ice-pick 
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PENETRATING WOUNDS OF ABDOMEN 


wounds, and we are not opeiatmg upon those of the abdomen except where 
there is evidence of hemorrhage 

Ice-pick wounds of the bowel are like birdshot wounds, in that the hole is so 
small that the mucosa does not eveit Consequently, leakage of intestinal 
content is minimal or absent and these wounds v ill heal themseh es , 

In looking ovei our cases of abdominal wounds we weie impiessed with 
the fact that we were peifoiining a considerable number of unnecessaiy celio- 
tomies in those boideilme cases m which penetration was suspected but was 
not certain Dm mg the last year, Di Joseph Hamilton, of the Louisville 
City Hospital staff, has been using the pei itoneoscope in some of these bor- 
derline cases By this means he can explore the peritoneum beneath the sus- 
pected wound, and can deteimine the presence oi absence of penetration or 
of blood or intestinal contents m the peiitoneal cavity This piocedure has 
eliminated a considerable percentage of unnecessaiy major celiotomies for 
suspected penetrating wounds of the abdomen 
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FACTORS OF MORTALITY IN 4,000 OPERATIONS UPON THE 
EXTERNAL BILIARY SYSTEM" 

Charles Gordon Heyd, M D 

Ni« Yoniv, N Y 

FROM TIIF COMnI^ED MFDICAI A\D SUUCIC^I nirUHl TIUCTCIIMrOI TRI N ^ OltK I OST Gil \I)0 \TL MLOICAL SCHOOL 

AMJJIOSriTAL COLUMHIA UNnFItSITl, N 1 

From Januaiy i, 1920, to June 30, 1937, the diagnosis of gallbladdei dis- 
ease was made on 5,200 consecutive patients Of this nuinbei, 3,986 were 
tieated suigically and 309 individuals died, icpiesenting a basic mortality of 
77 pel cent The gioss moitahty included eveiy death that occuried ivhile 
the patient vas in the hospital iriespective of its cause 

It IS not without inteicsl, that m the 17^2 yeais lepresented by this 
study theie weie two major lotations of the Surgical Staff at the Post-Graduate 
Flospital The attending suigeons lepiesented during the decade beginning 
1920 weie, with one exception, not on seivice at the beginning of 1930 The 
author’s initial contiibution to this senes began in 1920, and now represents 
approximately one-fifth of the mateiial studied 

An analysis of this gioup of now ovei 4,000 surgical patients was made 
to deteimme wdiat the factois w'eie that dctei mined the mortalities Flow 
many of these 309 deaths could be attiibuted to the calamities of surgery — 
the accidents, the complications over which the suigeon could exeicise no 
control, such as embolism, apoplexy and coionaiy thrombosis^ What mor- 
talities w'^eie due to the unconqueiable natuie of the disease — the malignancies, 
01 the patient’s lefiising suigical inteivention at the most opportune time, 01 
to the enfeebled condition of the patient fiom the lavishes of prolonged dis- 
ease^ What moitalities w^eie due to lack of diagnostic skill, 01 to multiple 
siugery, 01 to lack of caie and equipment 01 the insufficiency of scientific 
knowledge, such as the absence of vitamin K as the conti oiling factor of post- 
opeiative bleeding in jaundice^ What w'eie the moitalities that may be 
ascribed to deielictions of suigical judgment, and wdiat moitalities weie due 
to lack of technical skill 01 inadequacy of pie- and postopeiative tieatment^ 
The 309 moitalities weie the lesponsibility of some 53 suigeons, wdiilc 
64 of the deaths among 574 cases of acute cholecystitis w^ei e the 1 esponsibihty 
of 31 suigeons The stud}'^ emphasizes that galHiladdei disease is a continu- 
ing and piogiessive condition Again and again, one is impiessed wnth the 
piogressive chaiactei of the infective piocess Piimaiy disease m the gall- 
bladder, wnth 01 without calculus, is follow^ed by the development of obstruc- 
tive symptoms of the cystic duct and, latei , disease of the common and hepatic 
ducts and, finalljx the development of vaiying types of pancreatitis an d livei 

* The statistical data included in this communication were studied m collaboration 
tvith Dr R Franklin Carter and Dr Richard Hotz 

Read befoie the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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InmhetT MORTALITY FOLLOWING GALLBLADDER SURGERY 

disease In geneial, the moitalit}^ statistics of this senes coi respond appioxi- 
mately to those of the 36,623 bihai}^ tract opeiations collected by Heuei, A\ith 
a gioss moitality of 66 pei cent In a peisonal senes of 557 opeiated cases, 
it was found that cholecystitis was associated with ulcei of the stomach and 
duodenum in 105 per cent, with jaundice in 163 pei cent, uith pancieatitis 
in 3 7 per cent, and with fibioids in 13 per cent The percentage of females 
to males was three to one Diabetes was present in 089 pei cent of the 
patients at the time of opeiation, and malignancy occuned m 23 pei cent of 
the cases 

If a sufficiently laige numbei of individuals with gallbladdei disease veie 
studied, one can interpolate a senes of chaits indicating a piogiessive ad- 
vancement 111 the pathologic invasion, a use m the seventy of the symp- 
tomatolog)’-, and an almost geometric piogiession in moitality With but few 
exceptions, disease of the gallbladder arises m the gallbladder, and the initial 
infectious process is located beneath the seiosa and m the wall of the gall- 
bladder Depending upon the virulence of the infecting organism, the le- 
sistance of the individual, and incidental and local conditions — diet, geneial 
metabolism, etc — theie is pioduced a simple type of cholecystitis which 
constitutes the largest numbei of cases for suigical inteivention Calculi 
weie piesent 111 the gallbladdei s of 69 per cent of 3,306 patients opeiated 
upon for chronic cholecystitis If the pathologic piocess continues unielieved 
by suigeiy, there will ensue secondary changes m the cystic duct, the common 
and hepatic ducts, and eventually an infective process will involve the eiitiie 
extiabiliary system Stones in the common duct weie found in 69 pei cent 
of the cases of chronic cholecystitis but were present in 17 per cent of the 
cases of acute cholecystitis, and weie found m 80 pei cent of all secondaiy 
common duct operations following cholecystectomy Calculi weie piesent 
m the gallbladdei in 89 per cent of the cases of acute cholecystitis 

Cholecystectomy alone, 01 with appendicectomy, vas perfoimed foi chionic 
cholecystitis 2,438 times with a mortality of 3 61 per cent Cholecystectomy 
was combined with choledochostomy m 7 7 pei cent of the cases itli a 
mortality of 1 1 34 pei cent When gallbladder disease is complicated by com- 
mon duct involvement the moitality is raised from 361 to ii 34 pei cent 
The mortality risk inherent in surgeiy upon the common duct is moie than 
three times greater than the risk of simple, uncomplicated cholecystectomy 
(Table I) An interesting sidelight is shown in this gioup of cholecystectomy 
nith common duct disease, foi in the group of common duct cases with 
stones the mortality was 12 8 per cent, vhile among the cases that had common 
duct exploiation and diamage, but were without calculi, the moitality was 
3 8 per cent, not matei lally liighei than simple cholecystectomy alone — here 
the moitality was 361 pei cent In biief, 77 pei cent of the cases with 
cholecystectomy had common duct drainage, and 86 pei cent of these cases had 
calculi in the common duct, with a mortality of 128 per cent, 14 of the 7 7 
per cent had the common duct drained but no calculi m ere found, \\ ith a mor- 
tality of 3 8 per cent 
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Tabic I 

ANAL\SIS or 3,986 CONSECUTIVC OPCRATIONS UPON THE KlLIAin TU\CT (192O-I937) 


Operation 

No of 
Cases 

Mortalities 

Mortality 
Per Cent 

Chronic Cholecystitis 

Cholecystectomy 

3.240 

190 

5 8 

Alone or with appendicectomy 

2,438 

88 

3 61 

With dochostowy 

238 

27 

“ 34 

With other operation 

568 

74 

13 03 

Cholecystectomy with dochostomy and other 

operations 

6 

I 

16 16 

Cholecystostomy 

66 

22 

33 3 

Alone or with appendicectomy 

43 

13 

30 24 

With dochostomy 

16 

6 

37 50 

With other operation 

7 

3 

42 80 

Totals 

3.306 

212 

6 40 

Obstructive Biliary Disease 

Cholecystogastrostomv 

52 

15 

28 8 

Choledochostomy only 

37 

13 

35 r 

Choledochostomy with other operations 

2 

2 

roo 0 

Plastic on ducts 

5 

3 

60 0 

Total obstructive 

96 

33 

34 4 

Acute Cholecystitis 

Cholecystectomy 

517 

45 

8 82 

Alone or with appendicectomy 

428 

32 

7 47 

With dochostomy 

89 

13 

14 60 

Cholecystostomy 

45 

13 

28 80 

With dochostomy 

9 

3 

33 33 

Total cholecystostomy (with 3 other operations) 

57 

18 

29 63 

Total acute cholecystitis 

574 

64 

10 97 

Total for all biliary tract operations 

3 » 9 S 6 

309 

7 7 


Of the 3,306 opeiations foi chionic cholecystitis, cholecystostomy was 
pel formed only 66 times, with a moitality of 333 per cent This operation 
repiesented only 2 pei cent of the total opeiations foi chronic gallbladder dis- 
ease Nmety-six opeiations weie performed for gioss obsti active biliary 
disease, with a gross mortality of 34 4 per cent Cholec3'stogastrostomy was 
perfoimed 50 times, and cholecj'stoduodenostomy twice, with a moitality rate 
of 288 per cent Thiity-six of the 52 anastomotic opeiations weie for 
carcinoma and 16 fo? obsti uctive pancreatitis 

Thirty-nine patients entered the hospital after having had a cholec)'stec- 
tomy pel formed elsewheie Six of the patients had had a cholecj^stectomy 
peifoimed at the Post-Graduate Hospital Of these 39 patients admitted, and 
reopeiated upon, 32 of the group had lecunent 01 ovei looked stones m the 
common duct Seven had stenosis of the common duct, and choledochostomy 
was perfoimed upon all 39 patients, with a moitality late of nearly 40 per cent 
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.nSSP mortality following gallbladder surgery 

Multiple suigery is one of the most outstanding factors in inci easing the 
mortality rate In 575 operations cholecystectomy was combined uith one 
or more other opeiative piocedures, with an aveiage mortality of 1385 per 
cent, nearly four times liighei than cholecystectomy alone, 3 61 per cent 
These “secondary” opeiations weie inheiently dangerous, and earned their 
own mortality rate if peifoinied as a single opeiation, namely, acute gangienous 
appendicitis, gasti oduodenal ulceiations, fibiomyoma of the uteius, etc 
(Table II) 


Table II 

CHRONIC CHOLEC\STITIS 


Facto) s Influoiccng the Mo)bidity and Mortality in Surgery for Chroiic Cholecystitis 



No of 
Cases 

Morbidity 

Mortality 
Per Cent 

(A) Multiple Surgery (cholecystectomy plus sec- 

ondary operation) 

575 

I 72 

13 85 

I With gastro-enterostomj’' 

128 


16 4 

2 With pyloroplasty 

III 


9 9 

3 With gastric resection 

61 


31 I 

4 With acute appendix 

31 


13 0 

5 With hysterectomy 

59 


II 8 

(B) Conservative Treatment in Acute Cholecystitis 

I Subsided acute 

474 

I 59 

II 02 

2 With chrome abscess or old perforation into 

colon 

46 

2 20 

38 0 

3 Cholecystostomy in previous acute 

15 

I 58 

20 0 

(C) Cholecystostomy in Chrome* 

68 

1 50 

7 4 

(D) Jaundice (especially necessitating common duct 

surgery) 

254 


13 0 

(E) Delay m Surgery for Chrome Cholecystic Symp- 

toms (series with less than two years' histor39 

959 


I 35 

Total series of chronic cholecystitis 

3.303 

I 31 

6 4 


* Means cholecystostomy for a previous chrome infection — now followed by a 
cholecystectom}^ 


Three hundred of the 575 multiple operations were for concomitant dis- 
ease in the gasti oduodenal segment Only 24 were for associated malignancy 
of the stomach Thus 9 pei cent of the operations performed for chronic 
cholecystitis had suigeiy for associated gasti oduodenal pathology, mainly 
ulcer How adversely the addition to cholecystectomy of operations upon 
the stomach affects the mortality can readily be seen in Table II Cholecystec- 
tomy plus pyloroplasty had a mortality of 9 9 per cent Cholecystectomy plus 
gastro-enterostomy had the disproportionately high moitahty of 164 per cent 
With gasti 1C resection added to a cholecystectomy the moitahty rate was 31 i 
per cent The association of chionic cholecystitis with ulcei of the stomach 
and duodenum is leceivmg increasing attention m the current literature 
That this association m surgeiy carries a prohibitive mortality m a large 
series of cases is, theiefoie, of gieat importance 
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Thu ty-onc pciticnts had then gallbladders reitiovcd in the presence of a 
pathologically acute appendix, and in four of these the appendix was perforated 
The moitahty lale was 13 pei cent In no instance was the gallbladder acute, 
though in the majoril)'’ of instances it showed advanced pathology The mor- 
tality late of II 8 per cent, where hystei ectomy and cholecystectomy were 
peifoimed, is fuilher evidence that the patient with cholecystitis cannot well 
toleiate additional surgety 

The chionicity of the biliary disease was a most important factoi in mor- 
taht}’’, as IS evident horn the fact that among 3,306 operations for chronic 
cholec3’^stitis, 959 of the patients had definite S3'mptoms of less than two years’ 
duiation, and without any evidence of a pievious acute attack These patients 
had no other surger3'^ except the cholec3'stectomy, with or without appendicec- 
tomy The aveiage age of the gioup was 43 years, as contrasted with the 
mean age of 47 years in the laiger gioup Only 13 deaths occuried among 
these 959 patients, a mortalit3'^ rate of 1 35 per cent, in contrast with the 
geneial mortality of the cholecystectomy gioup of 3 61 per cent There were 
31 1 patients in whom definite symptoms had been present less than two years, 
but vho gave a histoi3^ of pievious acute attacks 01 had secondar3'^ operations 
with a cholecystectomy This group had 22 deaths, or 7 10 pei cent mortaht3'^ 
(Table III) 


Table III 

AN AN \I ISIS or THE RESUITS OE OPERATION IN CHRONIC CHOI ECV STlTIS 
WHEN DEPINITE S\MPTOMS HAVE BEEN PRESENT LESS THAN TWO \EARS 




No of 

Mortality 



Cases Mortalities 

Per Cent 

Uncomplicated cases 


959 13 

I 35 

Complicated * 


311 22 

7 10 

Total operations 


1,270 35 

2 75 

Causes of Death 


Major Complications 

Pneumonia 

II 

Wound infections (severe) 23 

Peritonitis 

10 

Dehiscence 

15 

Liver death 

4 

Pneumonia 

8 

Cardiac failure 

4 

Thrombophlebitis 

5 

Operatic e shock 

3 

Postoperative hemorrhage 4 

Postoperative hemorrhage 

2 

Pleurisy (effusion) 

3 

Uremia 

I 

Cardiac failure 

3 



Surgical erysipelas 

I 


& 

Pentomtis 

I 



Acute parotitis 

I 


* Those with previous acute attacks or with secondary operations 


Jaundice, in any degree, was a most impressive factoi m the inci eased 
mortality in chronic cholecystitis, for in 254 patients with jaundice at the 
time of opeiation, the mortality rate was 13 per cent, and 86 pei cent of these 
patients had stones in the common duct 
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mortality following gallbladder surgery 

Of the 3,306 patients operated upon foi chionic cholecystitis, 474 gave a 
definite clinical histoiy of having had a previous acute attack, and there was 
a definite con elation between the history and the pathologic repoit 111 877 
per cent (Table IV) Foity-six cases of peiforation of the gallbladdei oc- 
curred in so-called chionic cholecystitis, with a mortality of 19 5 pei cent 
Nine of these had peifoiations into the colon They aie included in the 474 
cases reported above 


T^ble IV 

THE INCrDE\CE OF PERFORATED CHOLEC\STITIS 

In Patients Who Ilaoe Recooered from Acute Attack and Are Subsequently Opciatcd upon, 
and the Incidence in Operated Acute ChoPcysfttis 



No of 

Per Cent 

Mortality 

Pathology (Microscopic Diagnosis) 
Chrome cholecystitis (previous acute 

Cases 

Perforated 

Per Cent 

attack) 

474 


II 2 

"Chrome” perforated cholecystitis 

46 

9 7 

19 5 

Acute cholecystitis 

574 


10 97 

Acute perforated cholecystitis 

69 

12 I 

26 I 

Total cases of perforated cholecystitis 

115 

II 0 

24 3 


Cholecystostomy for chi onic cholecystitis proved to be inadequate Sixly- 
eight patients, aftei a cholecystostomy, ^^ele subsequently opeiated upon foi 
recui 1 ence of symptoms, with a moi tahty of 7 4 pei cent, as conti asted with 
a moi tahty of 361 per cent for pnmaiy, noncomplicated cholecystectomy 
In the Follow-Up Clinic, 54 pei cent of the patients with cholecystostomy had 
a continuation 01 recurrence of symptoms Among this gioup of 68 patients, 
77 per cent had lecuiient 01 ovei looked calculi at the second opeiation 
Theie weie 574 cases of acute cholecystitis, and the diagnosis of acute 
cholecystitis was made by the pathologist, aftei an examination of the gall- 
bladdeis from 542 patients In 32 cases no pathologic examination was made 
as these patients had a cholecystostomy but ai e classified as acute cholecystitis 
For pui poses of analysis, the follo^\lng pathologic designations weie made 
Acute cholecystitis, puiulent cholecystitis, gangienous cholecystitis, pei foi a- 
tion with abscess, peifoiation ^Mth peiitonitis Acute cholecystitis included 
all of the cases that showed acute inflammatoiy change m the gallbladder but 
did not exhibit eithei empyema, gangiene or peifoiation The nioi tahty 
following operation m acute cholecystitis as 5 85 pei cent The mortality 
for purulent cholecystitis was 94 per cent — a higher moitalit} than occuired 
in the group with gangienous cholecystitis, wheie it was 7 33 per cent It 
IS interesting to note that of the 574 cases, 32 had cholecystostomy and \\ ere 
without any pathologic leport, and the moi tahty ^^as 344 per cent almost 
equivalent to the mortality of acute cholec\ stitis ^\lth peifoiation and peri- 
tonitis, namely, 35 85 pei cent (Table V) 
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Table V 

ACUTE CHOLECYSTITIS 
Pathologic Analysts of 574 Operations 
(Sninniary) 



No of 

Per Cent 

Mortality 

Pathologic Diagnosis 

Cases 

of Total 

Per Cent 

Acute cholecystitis 

206 

36 0 

5 85 

Purulent cholecystitis 

117 

20 4 

9 40 

Gangrenous cholecystitis 

150 

25 9 

7 33 

Perforated, with abscess 

16 

2 8 

0 00 

Perforated, with peritonitis 

53 

9 2 

35 85 

No pathologic report 

32 

5 7 

34 40 

Total cases 

574 

100 0 

10 97 


Cholecystostomy foi acute cholecystitis was not an unmixed blessing, as 
even when the patients recovered fioni the pinnaiy operation, subsequent 
suigeiy foi the retained gallbladdei gave a mortality of 20 per cent 

Opeiations for acute cholecystitis constitute 145 per cent of the surgery 
Thiity-six pei cent of the total acute cases veie classified pathologically as 
acute cholecystitis and 64 pei cent were classified as seveie acute cholecystitis 
Fifty-three of the 574 cases had a free perforation wuth peiitonitis 

The piesence of calculi in the acute gallbladder did not mateiially inciease 
the mortality In chionic cholecystitis calculi were present in 69 pei cent 
of the cases, wdieieas 89 pei cent of acute cholecystitis had calculi Seventy- 
six pel cent of the acute gallbladdei s had clinical and pathologic evidence of 
a previous chionic inflammation Of gieat significance was the fact that of 
316 cases observed m the hospital for 18 hours or longei, 57 per cent had a 
piogiession of their symptoms and of the physical findings, 31 per cent fol- 
low’^ed a static course, Avhile 12 pei cent only, definitely subsided (Table VI) 

Table VI 

\N ANAL\SIS or THE CLIMC\L COURSE Or DISEASE IN 316 C\SES 
OBSERVED IN THE HOSPITAL TOR iS HOURS OR JIORE 


Apparent Clinical Course 

No of 

Per Cent 

Mortalitv 

of Disease 

Cases 

of Total 

Per Cent 

Progressive 

180 

57 

J 9 3 

Static 

100 

31 

7 0 

Remissive 

36 

12 

0 0 


The moitahty m acute cholecystitis w^as lemaikably influenced by pre- 
opeiative hospital tieatment (Table VII) In the patients that w^ere con- 
sidered “emeigency” (128), and w^eie opeiated upon wnthin six houis of 
then admission, the mortality w^as 15 6 per cent, but tbe patients (297) that 
were prepaied fiom six to 24 houis had a moitahty of less than half of 
the previous gioup, namely, 74 pei cent Fuithei pieopeiative tieatment m 
the hospital did not improve the mortality statistics, foi 56 patients operated 
upon from 24 to 48 hours after admission had a moitalit}'’ of 1035 per cent, 
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and 93 patients opeiated upon fiom 48 hours to 24 da}s aftei then acute 
attack had a moitahty of 176 pei cent (Table VTI) 

T\m L VII 

THE iMORTALITi AND MORBIDIT\ IN ACUTE CHOLEC\STITIS IN RELATION 
TO THE LENGTH OF PREOPERATIVE HOSPIT^VLIZATION 


Duration of 

No of 

Per Cent 

Mortality 

Observation Period 

Cases 

Perforated 

Per Cent 

0“ 6 hours 

128 

10 0 

15 6 

6-24 hours 

297 

13 I 

7 4 

24-48 hours 

56 

8 6 

10 35 

2-24 days 

93 

12 8 

17 60 

Totals 

574 

12 I 

10 97 


It may be assumed, theiefore, that an immediate operation for an acute 
cholecystitis — that is, an opeiation within six hours aftei admission — is seldom 
indicated Adequate preoperative treatment from six to 24 houis is suf- 
ficient to insure the best mortality statistics The mortality late after a few 
hours of pieopeiative theiapy is slightly under that of the entire gioup moi- 
tality, 7 41 pei cent, as contrasted with 7 7 pei cent Again, the lethal in- 
fluence of jaundice becomes appaient in acute cholecystitis Jaundice at the 
time of opeiation foi acute cholecystitis inci eased the opeiative hazard, for 
155 patients with acute cholecystitis complicated by jaundice weie opeiated 
upon, with a mortality of 20 6 pei cent, and 111 the patients who had acute 
cholecystitis but were not jaundiced at the time of their operation, but had 
a history of previous attacks with jaundice, the mortality among loi patients 
was 158 per cent, contiasted with the basic mortality group of the acute 
cholecystitis cases opeiated upon bet^\een six and 24 houis, namely, 741 
per cent 

There weie 820 patients upon whom a pathologic diagnosis of mild 
cholecj'-stitis W'-as made Many of these show^ed cholesterosis Whether 
cholesterosis is essentialty a pathologic condition is still a subject of con- 
siderable contioveisy In any event, the mortality rate in this gioup was i 34 
pel cent The next degree m pathologic sequence indicates a disease of 
the gallbladder wnth definite infection and inflammation The clinical symp- 
toms become moie apparent Many of the patients have colic, and a diseased 
gallbladder can be readily determined by drainage and roentgenologic examina- 
tion The majority of gallbladder patients come to surgerj'^ at this stage of then 
disease The moitahty uses to 42 per cent, and the numbei of severe com- 
plications IS doubled The infection in the gallbladder will continue, and 
attacks of acute cholecystitis aie apt to occtii In this group there w'ere 474 
patients operated upon for chronic cholecystitis who had clinical and pathologic 
evidence of foimei acute attacks The operative mortaht} in this group w^as 
II 20 pel cent (Table VIII) Each succeeding acute attack inci eases the 
mortality by 2 per cent 
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ANALYSIS or 474 PATIENTS OPERATED UPON AS CHRONIC CHOLEC\ STZTIS WHO 
HAD CLINICAL AND PATHOLOGIC EVIDENCE OP A FORMER ACUTE ATTACK 


Pathologic diagnosis of former acute attack 
Average total duration of chronic history 

Average time since last acute attack (history and clinic record) 
Mortahty rate 
Morbidity factor 


474 

9 years 
2 8 months 

II 20% 

I 59% 


The common duct pathology found in the series falls into two groups 
(j) Those conditions mUms]c to the duct, and (2) those extrinsic to it 
Common duct stone was by fai the most common cause for surgery upon 
the common duct Choledochostomy was peifoimed with cholecystectomy or 
cholecystostomy foi chionic disease ni 260 instances and stones were found 
111 82 pei cent In 3,306 opeiations foi chronic cholecystitis, the incidence of 
common duct surgery was 77 per cent, and of stones, 69 per cent Calculi 
weie found m the common duct m 80 per cent of all secondary common duct 
opeiations aftei cholecystectomy The invariable pathologic finding was an 
associated sevcie cholecystitis Tins advanced pathology of the gallbladder 
found m common duct disease lends authority to the assumption that intrinsic 
common duct disease is usually secondary to gallbladdei disease That 
cholecystitis is a progiessive disease vhich eventually involves the common 
duct has been noted lepeatedly in oui senes 

Table IX 


DURATION 01 error rc\sTic s\mi>toms in common duct stone 


Duration of 
Symptoms 


Under 2 years 
2-ro 5''ears 
10^35 j^ears 


No of Cases 
1,270 

I y 020 

610 


Common 

Duct 

No of Cases 

24 

92 

97 


Per Cent 
Common 
Duct Stone 

I 9 
9 o 
16 0 


The lelationship of calculi m the common duct to the duiation of cholecystic 
symptoms is indicated in Table IX In the 1,270 cases with symptoms of 
cholecystic disease of less than two 3^ears, thei e wei e i 9 per cent with common 
duct stone In 1,020 cases with symptoms fiom two to ten years, common 
duct stones were piesent m g per cent In 610 cases with sjmiptoms over 
ten yeais, 16 per cent had common duct calculi Calculi in the common duct 
IS presumptive evidence of delay m diagnosis 01 of suigical pi ocrastination 
In this senes, 66 pei cent of the cases with stones m the common duct were 
associated with chionic pancreatitis and chronic biliaiy disease Acute pan- 
creatitis was associated with common duct calculi in 78 per cent of the cases 
With the advent of cholangiography we have been able to exercise a moie 
critical judgment We have more confidence that theie has been a com- 
plete restoration of function in the common duct and, furthermore, that the 
symptoms have been relieved and infection combated by adequate surgery 
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The test is simple and leadily earned out The day before the test is to be 
made fiom 20 to 30 cc of normal saline is allowed to flon, b} giavity, fiom 
a syiinge into the T-tube The common duct will oidinaiil} accommodate 
20 or 30 cc, wuth piactically no discomfoit On the moining of the follow- 
ing day, the patient is taken to the Roentgenogiaphic Depaitment and fiom 
10 to 20 cc of steiile hippurm (50 pei cent) is allowed to 11111 into the T-tube 
A loentgenogram is taken immediately at the completion of the injection A 
second exposuie is made four minutes later, and a third, eight minutes after 
the second loentgenogiam, 01 12 minutes after the injection The fiist 
negative wnll indicate that both hepatic ducts are w'ell filled wnth the solution 
and that the common duct is model ately distended If the ampulla and com- 
mon duct aie totally unobstructed, the dye wall have passed leadily into the 
duodenum, and m four minutes may be observed m the duodenum and neigh- 
boimg jejunal loops The loentgenogiam made at the end of 12 minutes 
wnll show^ almost complete evacuation of the dye into the small intestine 

HtscKssion — From this study there emeige ceitain veiy definite conclu- 
sions It IS evident that chronic biliary disease is a continuous and piogiessive 
pathologic condition, that the moitality and moibidity of this disease vanes 
wnth the chromcity of the piocess itself, wntli the mtimsic pathologic changes, 
wath the complications, and wnth the physical status of the patient Suigeiy 
for chronic biliary disease is sufficiently dangeious to be the only opeiative 
procedure perfoimed The outstanding death-pi oduemg conditions m order 
of fiequency w^eie (a) Peiitomtis, (b) pulmonaiy complications, and 
(c) varying states of hepatic insufficiency 

In regard to acute cholecystitis there is no w^aiiaiit for wdiat may be 
teimed the “immediate” operation — that is, suigical mteivention upon patients 
within six horns aftei admission to the hospital The best lesults in acute 
cases, so far as moitality and moibidity aie concerned, w^eie obtained in the 
gioup of patients who w^ere piepaied foi opeiation fiom not less than six 
hours up to 24 houis after their admission Conseivative tieatment and 
w^atchful w^aiting, wdiile they may appear temporal ily successful, aie eventually 
disastrous for the patient 

In the pathology of acute cholecystitis the moi tahty factoi and the sevei ity 
of the disease are inci eased wdien the patient has had previous attacks of 
icteius Jaundice adds appioximately 100 per cent to the moitality factoi 

Cholecystostomy has a definitely highei immediate moitality than chole- 
cystectomy, and has a moie maiked mciease m the eventual mortality Ap- 
proximately 50 per cent of the patients wnth a cholecystostomy icquiie re- 
operation, which cairies wnth it a secondaiy moitality close to 20 pei cent. 
The most successful results w^eie obtained m the gioup of 959 patients who 
w'eie opeiated upon within two years aftei defimtel} demonsti able gallbladder 
symptoms appealed This low' moitality, i 35 pei cent, was obtained legaid- 
less of the age of the patient, and is m conti ast to the general cholecystectomy 
mortality of 3 61 pei cent 

In the beginning of this senes (1920) exploiation of the common duct was 
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earned out only in the i^iesence of very maiked disease of the common duct 
01 associated panel eatitis As the pi ecision of operative technic became thor- 
oughly established, moie common ducts wcie exploied, with better results and 
less moitality The impoitance of common duct disease and of primary ex- 
ploiation IS ajipaient fiom a consideration of the statistics Drainage of the 
common duct for cholangeilis, calculous or otherwise, at the first operation, 
and when combined with cholecystectomy, does not give a prohibitive mor- 
tality (1134 pel cent), wheicas a secondaiy choledochostomy in a previ- 
ously cholecystectomi/ed patient has a mortality approximately 350 per cent 
greatei than that which attends primaiy cxploiation (3860 per cent) 

The visual and palpable findings that call foi an exploration of the common 
duct aie not always deal cut 01 well-defined Cutlei and Zollinger give the 
indications foi exploiation of the common duct at opeiation as follows (a) The 
suggestion of a stone on palpation, (b) a dilated 01 thickened duct, (c) a 
contiacted gallbladdei , (d) a dilated cystic duct, (c) a thickening of the 
head of the pancieas, and (f) the presence of small stones m the gallbladder 
01 the cystic duct 

We have been impiessed with a disease of the common duct not char- 
acteiized by the piesence of calculi but exhibiting a maikedly contracted com- 
mon duct, with extensive fibiosis in the w'alls, with an associated palpable 
hardness of the head of the pancreas, and a historj’’ of attacks of slight jaundice 
(icteric index 25-30), febiile leaclion and uppei epigastric distress, even to 
the point of severe pain This type of disease of the common duct has been 
found m patients wdio have had a primary cholec} stectomy for chionic 
cholecystitis with cholelithiasis, and in periods varying from tw'o to 12 years the 
patients have been leoperated upon foi common duct disease 
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THE IMMEDIATE AND END-RESULTS OF CHOLECYSTECTOjMY* 

Willard H Parsons, M D 
Vicksburg, Miss 

FROM THE DEP\,RTME\T OF SURGEUTi, THE MCKSBURG HOSPITAL, INC , A.ND THE MCKSBLRr CLINIC VICKSBURG M133 

The purpose of this communication is to present a small group of patients 
who, following careful study, weie opeiated upon foi cholecystic disease It 
is proposed to comment briefly upon the causes of the mortalities that occuiied 
and, feeling that the ultimate destiny of the suigical patient is second m im- 
portance only to the immediate mortality late, consideiable eftort will be 
made to evaluate, fairly and accuiately, the final lesults obtained, and to at- 
tempt to determine the reason, or reasons, foi the not inconsideiable number 
of unsatisfactory results that prevail The study, it is hoped, may be of value, 
since essentially all of the patients being lepoited upon m this particular senes 
lived in sufficiently close proximity to peimit peisonal reexamination fiom 
time to time It is felt, then, that the end-results recoided lepresent the true 
state of affairs Also, the experiences and conclusions of ceitam othei suigeons 
regarding the indications foi, and lesults fiom singer}" will be cited 

There can be little argument as to the veiy gieat frequency of gallbladdei 
disease Crump, ^ in a study of i,ooo consecutive autopsies in Vienna, found 
33 pel cent of the individuals to have gallstones and 6o pei cent showed some 
form of cholecystopathy Mentzer,- in a senes of 612 autopsies at the Mayo 
Clinic, found 60 per cent of the subjects to have grossly pathologic, and 75 
per cent mici oscopically pathologic changes m the gallbladder 

That the disease, while admittedly fiequent in occuirence, is not fre- 
quently a cause of mortality is indicated by the leport of Hoffman,^ stat- 
istician of the Prudential Life Insuiance Company, who says that, m 1919, 
only 2,887 of a total of 85,147,822 persons died of gallbladdei disease It 
would seem from this study (in contiadistinction to certain medical experiences 
to be latei referred to) that death diiectly attiibutable to cholecystic disease 
IS fairly rare That happy state of affairs does not, howevei, exist m patients 
subjected to surgery Macdonald^ recently found, aftei an mtei national sur- 
vey, that the aveiage mortality, following surgical extirpation of the gall- 
bladdei, was 10 to 12 pei cent This figure is startlingly high (Table I), par- 
ticularly so when compared with the expeiience of Barksdale,^ vho reports i 3 
pei cent mortality following cholecystectomy, of Elkin," who leports 2 pei 
cent, of Sanders,^ who, among 1,000 consecutive patients, had a mortality of 
2 5 per cent , of the Lahey Clinic,^^ with a reported rate of 3 8 per cent , of 
Finsterer,^^ who repoi ts 4 4 per cent , or of McGehee,*’ who reports 7 2 pei 
cent fatalities following all types of operative procedures upon the biliaiy tract 
On the contrary, Boyd,*^ in a series of 1,018 patients from the Massachusetts 

* Read before the Fifty-second Annual Meeting- of the Soutliern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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Memoiial Hospitals, lepoits a moilality rale of 9 pei cent following chole- 
cystectomy foi chionic inflammatoiy disease, and ii 4 pei cent for cholec} stec- 
tomy foi cholelithiasis, 01 an aveiage moitality latc of 105 pei cent, a figure 
almost indentical with that quoted by Macdonald as the aveiage pi evading in 
a gioup of small, selected hospitals Unfoitunately, the vast majority of 
majoi suigical piocediiics peifoimed 111 this countiy aic executed by opera- 
tois not possessed of the high giade of technical skill and excellent judgment 
of the suigeons just lefeiied to, but aie pei formed by the lank and file of 
the piofession, many of whom are inadequately piepared to attempt such 
pioceduies So long as that situation pievails, it is highly piobable that the 
moitality lale the countiy ovei is, and will remain, decidedly higher than 
Macdonald’s lepoit indicates 


1 Alice I 

MOUTAl 1T^ U\TLS I OI 1 OWING SbUGICM PUOCrUCRES UPON 
C.\l I m MIDI R AND DUCTS 


Barksdale'^ 

1 31% 

Elkin? 

2 0% 

Sanders'^ 

2 5% 

Lahc}’^ Clinic**^ 

3 8% 

Fmstercr” 

4 4% 

McGehcc® 

7 2% 

Bo>d® — Mass Memorial Hospitals 

10 5% 

Macdonald — Collected Series 

10 to 12% 


MOUTAl n\ RATrS 1 OI I OW INC. MCDICAL TUI ATMENT OE CHOI EC\STIC DISEVSE 


Died 

Finsterer,^* 89 patients 12 3% 

Schittinhelm'*«°tcd by n 25 0% 

1 allquist,^^ no patients 7 38% 

Jagiittes,^^ 1 14 patients 16 0% 


Required 

Im- Unim- Subsequent 
Cured proved proved Surgery 

39% 40% 21% 

40 0% 

21 8% 

22 8% 


Mortality incident to medical treatment — 16 to 25 per cent 


That there exists at present a decided difference in opinion as to the ulti- 
mate lesults fono\Mng lemoval of the gallbladder, can scaicely be denied 
Many inteinisls, and some suigeons, estimate that a veiy definite percentage 
of patients following suigeiy aie eithei not benefited by the procedure or aie 
actually made worse Kunath/® from the Univeisity of Iowa, reports that 
in the noncalculous gioiip 69 pei cent weie cuied or impioved, and in the 
calculous group 84 pei cent weie cuied 01 improved b}^ choIec3^stectoiny 
Most large surgical centeis feel that the end-results obtained are excellent 
It seems, nonetheless, tiue that following cholecystectomy a definite number 
of individuals promptly die, and a large numbei fail to be benefited from the 
operation Despite, howevei, the frequent comments of vaiious internists 
concerning the poor lesults following cholecystectomy, theie exists a striking 
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paucity of infoimation from them concerning the end-results in patients treated 
medically Befoie the results of suigical tieatment aie condemned oi unduly 
criticized, the end-iesults acciuing from, oi attendant upon, medical tieatment 
should likewise be analyzed Fmsteier^^ repoits that, of 89 patients treated 
medically, ii (123 per cent) died fiom gallstone trouble, seven died from 
peiforation of the gallbladder, and two from carcinoma Fmslerei lefers to 
other reports of sei les of patients ti eated medically, m which 39 per cent wei e 
completely 01 paitially cuied, 40 per cent weie impioved, and 21 pei cent ^^ele 
unimproved Schittenhelm^- estimated that 40 pei cent of patients discharged 
as “cured” following medical tieatment had subsequent lecuiience of attacks, 
and 25 pei cent died or requued suigeiy for seveie complications A study 
of surgical statistics shows that it is those veiy complications following ill- 
advised medical treatment that produce the majoiity of all surgical deaths 
TallquisF^ studied no patients discharged as cured following medical treat- 
ment, and of these, nine died vithiii six yeais of gallbladder disease, and 24 
additional individuals latei requued surgei} (with foui deaths) on account of 
complications Had the lemaimng “cuied” patients been obseived longer, 
more would likely have been found to have had fiuther fiouble Jaguttes’"^ 
observed, from ten to 25 3^ears, 114 patients ti eated medically Of these, 13 
died from gallstones, and five fiom cancel of the gallbladdei, showing a total 
mortality of 16 per cent An additional 26 had to be opeiated upon latei 
because of the development of complications, fiom which gioup foui died 
The above results, following medical tieatment, do not compaie favorably 
with the results following pioper surgical management The medical inoi- 
tality in the senes just quoted fluctuated fiom 16 to 25 pei cent The incidence 
of permanent recovery following medical tieatment of genuine cholecystitis, 
and certainly of cholelithiasis, is hardly gieatei than the moitality rate that 
accompanies this form of theiapeusis It would appear fiom the literature 
available that the medical management of genuine cholecystic disease lesults 
111 as many deaths as cuies Certainly that premise gams stiength if we con- 
sidei the grave complications which frequently follow such management for, 
as previously reniaiked, it is these i^'ery complications of medical tieatment 
which, not larely, make surgical mteivention a necessity at a time not favorable 
for, and in an individual ill-prepared to tolerate, surgical attack As an ex- 
ample of the latter may be cited the expeiience of Lahey,^^ vho reports a 
moitality rate of 76 pei cent following choledochohthotomy with drainage of 
the duct, whereas foi conditions not necessitating invasion of the duct the 
mortality rate is fai lower The conclusion of Fmsteiei, \\ho believes that 
87 8 pei cent of patients aie cured following cholecystectomy, is appioximately 
that prevailing in most well-conducted suigical clinics 

It will be noted that m the personal senes being presented (Table II), of 
the patients studied 23 per cent weie male and 77 pei cent were female There 
was an opeiative moitality, including patients lequirmg lemo^al of stones 
fiom, or lepaii of, the common duct, of 6 per cent In calculating this mor- 
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tality late, all patients nho died pievious to dischaige fioin the hospital, ir- 
lespective of the immediate cause of then deaths, weie included 

Jahii II 

DATA I’LiniM M TO IT KSONAI SI RILS HEINO ITU SENTCU 

1 olal Number of Patients Studied — loo 
vScv — Male 23, Female 77 
'total Deaths — 6 




Jaun- 



Time of 

Age 

>Se\ 

dice 

Diagnosis 

Operatn c Procedure 

Cause of Death Death 

48 

F 

Yes 

Gangrene of gall- 

Cholecystostomy 

Peritonitis 25th p 0 




bladder 

Peritonitis 


day 

■57 

F 

Yes 

Chr cholecystitis 

Cholecystectomy 

Peritonitis 12 th po 




Cholelithiasis 


Ileus day 

68 

M 

Yes 

Chr cholec3"stitis 

Choledochohthotomy 

Shock 24 hrs 




Cholelithiasis 

Choledoehostomy 





Choledochohthiasis 

Cholec3’'Stostom3'' 


■55 

F 

No 

Subacute 

Cholec3’'stectomy 

Coronaiw" 2ist p 0 




cholecystitis 


occlusion day’’ 

73 

F 

Yes 

Empyema of gall- 

Cholecystostomy 

Hepatic failure 7th p 0 




bladder 

Hepatic failure 


day 

37 

M 

Yes 

Hydrops of gall- 

Cholecystectomy 

Hepatorenal 4th p 0 




bladder 


failure day^ 


Patients jaundiced — 26% (or definite histor}^ of previous jaundice) 

Duct explored — 16% Found to contain calculi or stnetured — 15 

Patients jaundiced following surger}*' — i or 1% (one transient attack only) 
Patients requiring subsequent surgery for cholecystic disease — none 


Surgical procedures employed- 

—Cholecystectomy 

93 % 





Cholecy^stostomy’’ 

7% 





Choledoehostomy^' 

13% 


Repair of stricture of common duct i % 

It IS highly significant that, with a single exception, all patients who died 
following opeiation weie jaundiced at the time of suigery That particular 
individual, known prioi to opeiation to have coionaiy artery disease, died of 
acute coronal y closuie, on the twenty-fiist postoperative da}, at which time 
she was piepaiing to lettirn to her home It is even more interesting that 
none died as a result of postopeiative bleeding, and, in fact, not one of the 
patients operated upon in this particulai senes had postoperative bleeding, 
although II pei cent, at the time of surgery, weie jaundiced, an additional 
15 pei cent had, on one or more occasions, been jaundiced, and 15 per cent, 
at surgery, were found to have common duct stones or stiicture of the duct 
It may be remarked that m addition to those patients being now discussed, 
following othei opeiative experiences m this field, that state of affairs has 
constantly prevailed The failure, in my personal experience, of jaundiced 
patients to have a stiong tendency to postoperative bleeding is m distinct con- 
trast to the expel lence of Walteis, Judd, Lahey and others It may be that 
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patients living far South, under different climatic and dietetic conditions from 
the northern and eastern clinics, lack the hemorrhagic diathesis ]Maes^® says 
that bleeding has been laie in his experience, and that he is “not particularly 
fearful of deaths in patients who are jaundiced and in vhom surgery of the 
biliary tract is indicated ” During the past ten jeais Barksdale has had no 
incidence of postoperative hemorrhage On the contrarj, McGehee, Sandeis, 
Mason, Haggard^® and Elkin have not had so foitunate an experience 

Table III 

RESULTS IX PATIENTS SURVIVING OPERATION 


Cured 

66 0% 


Improved 

27 7% 


Unimproved 

6 3% 


Allergy — Patients positive (20) 



Cured 

50 0% 


Improved 

40 0% 


Unimproved 

5 0% 


Died 

5 0% 


Patients negative (80) 



Cured 

65 0% 


Improved 

22 5% 


Unimproved 

6 25% 


Died 

6 25% 


Results — Patients having stones in gallbladder or ducts or both (35) 

Died 

II 0 % 


Cured 

83 0% 


Improved 

6 0% 


Unimproved 



Patients in noncalculous groups (65) 



Died 

3 0 % 


Cured 

51 0 % 


Improved 

37 0 % 


Unimproved 

9 0 % 


Patients having duct calculi (15) 



Died 

13 32 % 


Survivors 



Cured 

93 0 % 


Improved 

7 0 % 


Deaths subsequent to surgery — cause and time death postoperative 

Cerebral apoplexy 


2 years 

Cerebral apoplexy 


5 3’'ears 

Stab wound heart 


4 j^ears 

Acute pancreatitis 


4 years 

Result of accident 


6 3^ears 

Acute intestinal obstruction 


2 5’'ears 

Hepatic failure 


2 3"ears 

Incidence wound evisceration — ^none 



Incidence postoperatn e hernia — 2 per cent 
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The question of alleigy is an inteicsling one (lable III) Of the patients 
lepoitccl, 20 pel cent gave a definitely positive alleigic liistoiy, and of tliese, 
50 pel cent weie cuied, and 40 pei cent weie nnpioved following operation 
(that is, insofai as then dyspeptic symptoms weie concerned), and occasionally 
then alleigic manifestations w ei e lelieved This is m contiast to 65 per cent of 
the nonallcigics who weie cuied, and 22 5 pci cent of the nonallergics who 
weie nnpioved following cholecystectomy It is woi thy of comment, also, that 
m the presence of alleigic manifestations, cholecystogi ams may not he of the 
diagnostic help that they aie m the nonalleigic group It has been estimated 
by Lahey that the diagnostic accuiacy of cholecystogi aphy m gallstones is 
98 pei cent Singleton believes, fuithci, that the function of the gallhladdei 
can hettci be detei mined by cholecystogi ams than it can be judged by in- 
spection at the time of surgeiy Theie is little doubt that a fairly definite 
nuinbei of pooi lesuhs occiu because the patient is subjected to surgery under 
an eiioneous diagnosis, an indnidual whose sjunptoms aie the result of an 
alleigic reaction, 01 disease elsewheie, being thought to have cholecystitis 
The vast majority of individuals of middle age wull show mici oscopically, 
changes m the gallhladdei, but these findings aie of little significance and do 
not wairant suigery Such pei sons, sufifeimg onlj physiologic distmbances, 
01 having only mild pathologic changes, are not suitable candidates for sur- 
gery, and wull not obtain a satisfactoiy lesult following its performance These 
arc the individuals wdio go fiom clinic to clinic, only to, eventuallj", become 
suigical deiehcts 

Of those who had stones, 83 52 pei cent w'Ci e cured , 50 49 per cent, wdio 
had only cholecystitis, w^ere cm cd There w^ei e 92 28 pei cent wdio had, m 
addition, common duct stones, wdio suivived opeiation, and w^eie cured The 
operative moitahty in the gioup having stones 111, or stiicture of, the duct 
w'as 13 per cent In each instance m wdiich commoii duct stones weie found, 
the duct was diained foi a vaiiable peiiod of time, geneiallj" bj’- the use of a 
T-tube Since the advent of cholangiogi aphjf, all have had the tube left m 
place until 1 oentgenogi ams indicated a 1101 mal lestoiation of the duct In one 
instance a stone, inadvei tenll)'^ left behind, w'as successfully dealt wntli by 
the injection of ethei tin ough the coiniiion duct tube, follow iiig the suggestion 
of Piibram and of Walters 

Of the patients lepoited, 16 pei cent w'eie subjected to exploiation of the 
common duct, and 15 per cent w^eie found to have duct stones In the ex- 
pel lence of Walteis,^” common duct stones weie found m 109 instances of 
812 opeiations performed at the Mayo Clinic in 1936 (1219 per cent) 
Lahey^*^ repoits that, m 1935, m his Clinic, the common duct w^as explored 
in 44 pel cent of the cases, and stones w^eie found m 18 per cent of the pa- 
tients subjected to suigeiy Walteis believes that “the possibihW of stones 
m the common bile duct being ovei looked could be 1 educed to an absolute 
minimum if the common duct w^ere always exposed as a pait of the opeiation 
of cholecystectomy” Unquestionably, the dictum of the late Sir Beikeley 
Moynihan-® that the duct should be explored only when stones were felt must 
be abandoned The indications for exploiation of the duct are reasonably 
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plain, and if these indications aie faithfully follo\\ed, it is highl) unhkel} that 
damage will follow failure to routinely explore the duct On the contiar}, 
routine exploration of the duct ^\lll veiy definiteh inciease not onl} the 
morbidity but the mortaht}" as well 

CONCLUSIONS 

The immediate mortality is leasonably low^ and the percentage of successful 
end-1 esults exceedingly high following skillfully peifoimed pioceduies foi 
actual cholecystic disease The end-results aie decidedly bettei m those pa- 
tients opeiated upon for cholelithiasis than when extiipation of the gallbladdei 
is peifoimed for inflammation alone 

On the contiary, operations pei formed for mild or nonexistent gallbladdei 
patholog^^, or foi simple physiologic distui bailees, wall yield umvei sally pooi 
1 esults 

Allergic individuals should be cautiously subjected to surgeiy, and tlien 
only provided extensive and definite symptoni-pioducmg disease of the gall- 
bladder is piesent Cholecystogiams in this type of patient may be misleading 

Time, and the accumulation of a huge mass of statistics, continually con- 
firm the criteria foimerly, and fiequently, laid dowm by Walters, Lahey, and 
otheis, regal ding the indications for exploiation of the common duct 
Cholangiography is a definite aid m detei mining wiien to lemove the tube 
from the common duct 
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THE SURGICAL MANAGEMENT OF STONE IN THE COMMON 

BILE DUCT-^ 


FOIJ.OW-UP STUDinS WITH SPECIAL REFERENCE TO GRADED DILATATION OF THE 

SPHINCTER OF ODDI 

Arthur W Allen, M D , 

AND 

Richard H Wallace, M D 
Boston, Mass 

TROAf THE SURGICAL SERVICE OF THE M\8SKCltVSFTT3 GEVERAL HOSPITAL, ROSTOV, MASS 

^935> - published a method of surgical piocedure for explora- 

tion of the extiahepatic bile ducts At this time, we reported some experi- 
mental work and some clinical data relating to the method The chief theme 
of the communication was the adaptation of loutme, gentle dilatation of the 
sphincter of Oddi m all cases of common duct exploiation Prior to 1930, we 
had accomplished this by the very satisfactory method described by Cheever,^ 
which was based on the use of stiff, woven Coude urethral catheters The 
difficulties with these instruments were those of sterilization, their tendency to 
become brittle and rough, and then bulk The advantages were that fluid 
could be injected into tliem to determine their course through the papilla 
into the duodenum 

In 1930, oui attention was called to the long, olive-shaped, graduated 
metal bougies of Bakes These instruments are calibrated from 3 to 14 Mm 
in diameter The handles are of malleable metal, so that they may be shaped 
accoiding to the contoui of the operative field, and are soft enough to elimi- 
nate the hazard of creating a false passage Bakes made claims that by the 
employment of these dilators to a size just smaller than the diameter of the 
common duct, one may produce a permanent elimination of the sphinctenc 
action of its outlet This, he believed, enhanced the passage of stones from 
the hepatic ducts that liad either been overlooked at exploration or that might 
be foi med there later His claim to permanence of dilatation was based on two 
instances of greatly enlarged ducts, the outlets of which had been stretched to 
more than i cm 111 diametei One patient subsequently died of gastiic 
cancer, at autopsy the papilla admitted a 13 Mm sound with ease — the size 
to which the dilatation had been carried at opeiatioii The other passed a 
14 Mm stone nine days aftei dilating the papilla to 14 Mm He, like all 
other suigeons who have felt that the papilla should be loutmely mstru- 
mentated whenever there was indication for common duct exploration, 
realized that this was the suiest way of pioviding adequate bile drain- 

* Read before the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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age into the duodenum , also, that the simple determination of the patency 
of the papilla will prove inadequate m a small pei centage of cases 

It naturally occuiied to us that such a practice might be attended by 
some danger and for this reason we appioached the uhole pioblem vith 
considerable caution We wished to woik out a loutine method that i\as 
satisfactoiy in our hands and that could be earned out without additional 
risk By such a method we hoped to reduce the number of secondaiy opeia- 
tions foi ovei looked stone oi foi strictuie and spasm of the duct outlet We 
felt that we could be reasonably sine that the introduction of an instiument 
into the duodenum thiough the papilla of \*atei fiom the open common 
hepatic duct was not a dangerous piactice This piemise was based on the 
long clinical expeiience of many surgeons as well as oui own Also, ^\e be- 
lieve that Cheever had satisfied any question legarding the giadual dilatation 
of the papilla up to the diametei equal to that of a size No 20 Fiench cathetei , 
or approximately 7 Mm We did feel that we should tiy to asceitam the 
effect of such trauma and paiticulaily to deteimme if, on occasion, the dilata- 
tion might be cairied furthei with safety The dangers of immediate infection, 
reflux of duodenal contents, precipitation of acute pancieatitis, and the pio- 
duction of a false passage all occuri ed to us Also the effect of the immediate 
hemorihagic reaction that must take place We expected that this would, in 
a laige percentage of cases, produce a tempoiary reactionaiy edema and weie 
cognizant of the possibility of late cicatiicial conti action The effect of a 
permanently destroyed sphmcteiic action on digestion and the possibility of 
such an outlet being conducive to a future ascending cholangeitis vas also 
considered 

With these possibilities m mind, we cairied out a senes of opeiations upon 
the biliary system of large dogs e found it difficult to repi oduce the 
method we had thought suited to the avei age human ^\ ith a pathologic biliary 
system and indications foi common duct exploration The dog does not 
toleiate easily an external tube 111 the common duct as should invariably 
be used aftei exploration m man Although possible to ai 1 ange such di amage 
111 the animal, it was felt unjustifiable due to the lestraining mechanism re- 
quned When the common duct was explored and sutured as caiefull} as 
possible with fine silk, we had a high mortality fioni bile peritonitis, a well- 
known clinical fact It w^as possible to pi oduce some moderately enlarged 
common ducts by a pievious cholecystectomy We weie able to dilate a few 
papillae fiom an opening in the duct and haie the animal suivive any bile 
leakage wuthout external drainage We found it quite safe to peiform this 
dilatation ti ansduodenally , since the opening 111 the duodenum could be 
accuiately closed Inasmuch as most of 0111 patients were having the dilatation 
earned out thiough an opening in the duct, we questioned an} conclusions that 
might be diawm fiom expeiimental, ti ansduodenal manipulations On the 
whole w^e believed that the dog with his thin, variable ducts could not easiK 
be used foi reliable compaiative data with the usual pathologic conditions 
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met with in man, and foi these reasons discontinued these experiments, 
pioving only that hemoiihagic leaction of a mild degree occmred after dilata- 
tion, as would be expected, and that while the animals lived there was no 
indication of cicatiicial constiiction These expeiiments have been more thor- 
oughly and adequately lepeated by Zollinger, Bianch and Bailey® ® These 
investigatoi s have drawn conclusions fiom then researches which we believe 
to be at some vaiiance with oui clinical expeiience Foi this reason we wish 
to set foith in some detail the results obtained by the method in om hospital 
It IS of inteiest to know that 39 membeis of the visiting staff and 33 of the 
lesident staff paiticipated in these opeiations The data include the patients 


Table I 

nil IARI TRACT OPERATIONS 

M G II , Oct I, ipjo-Oct /, {Prcotonsly Reported) 




No 

of 

No 

of 

Mortality 



Cases 

Deaths 

Percentage 

Cholecystostomy 


82 


12 


14 5 


Cholecystectomy 


751 


22 


2 9 


Cholecystectomy with common 

duct exploration 

and ] 


1 




dilatation of sphincter* 


231 i 


9 1 


3 9 

\ A A 

Cholecystectomy i\ith common 

duct exploration 

and 

^ 395 


> 17 


> 4 4 

sphincter not dilated* 


164 j 


8 j 


4 9 , 


Totals (5 years) 


1,228 


51 


4 2 



* Under the heading “Cholecystectomv with common duct exploration'^ are included 
several cases of secondary choledochostomy, the gallbladder having been removed at a 
previous operation 


AI G H , Oct /, iQSS^Oct I, JQJQ 

;Mo of 
Cases 


Cholecystostomy 

48 


4 


8 33 

Cholecystectomy 

432 


7 


I 62 

Exploration of the common duct with dilatation of the 






papilla of Vater 

Exploration of the common duct without dilatation of 

330 

> 380 

13 

^ 16 

3 93 

the papilla of V ater 

50 , 


3 J 


6 00 ^ 

Totals (4 years) 

860 


27 


3 25 


No of Mortality 
Deaths Percentage 


4 21 


M G //, Oct /, iQjo-0(t I, IQ3Q 

No of No of 

Cases Deaths 


Cholecystostomy 
Cholecystectomy 
Exploration of the commo 
papilla of Vater 
Exploration of the comrr 
of the papilla of Vater 


130 

16 

12 30 

1.183 

1 

I ''1 

2 45 

361 1 

22 * 

1 

3 92 

i 

775 

1 

^33 1 

214. 

1 II J 

5 14 j 

2,088 

78 

3 73 


Mortality 

Percentage 


4 25 


Totals (9 years) 
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opeiated upon in the Baker Memorial and the Massachusetts Geneial Hos- 
pitals 

Fioin Octobei i, 1930, to Octobei i, 1935, 1,228 patients in oui hospital 
weie opeiated upon foi disease of the extiahepatic biliary system Of these, 
395 had exploration of the common bile duct, 231 had instrumentation of the 
papilla, with an average dilatation of 7 Mm , 164 had nothing more done 
than the removal of existing calculi and the deteimmation that the papilla 
was patent In the foui-3^eai peiiod, fiom Octobei i, 1935, to October i, 
^ 939 > additional patients weie subjected to opeiations upon the biliary 
tiact Of these, 380 had common duct exploration, m this group 330 had 



Graph i — Sho\\ing the degree of dilatation and the frequenc> of its 
emplo\nient during the two periods October i, i930“October i, i935i and 
October i, 1935-October x, 1939 


their papillae dilated ^^hlle only 50 had a simple exploiation It is, there- 
foie, apparent that moie of oui staff have become convinced of the safety 
and rationale of routine gentle, giadtial dilatation of the duct outlet 

In Table I, it is seen that dilatation earned out in the mannei that we 
have suggested does not mciease the inoitality In fact, it would seem that 
this proceduie was attended by less risk than exploration alone This may 
not be true, since a patient doing pooily on the table may have caused the 
operator to omit instrumentation On the other hand, 111 a careful analysis of all 
complications, we are impressed with the greater numbei of infections, pro- 
longed biliary drainage, and longer hospitalizations in those patients who had 
no dilatation of their papillae It would seem that at least one of Bakes’ claims 
may have been justified, 1 e , dilatation enhances the flow of bile into the 
duodenum 

In Graph i, we see that the amount of dilatation has varied greatly, ob- 
viously It has been dependent on the size of the duct and the size of the stones 
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found either m the gallbladdei oi the ducts No attempt should ever be 
made to stietch the si7e of the duct itself, and we feel sure that this has not 
been done in oui cases It is unfortunate that the Bakes dilators have too 
fiequently been referred to as common duct dilators The peak of the curve 
IS definitely 7 Mm , fiom 6 to 8 Mm having been used on more than two- 
thnds of all the cases In the smaller sizes one may well wonder whether 
any dilatation could have taken place since the normal papilla will admit the 
3 Mm dilatoi with very little lesistance We do, however, encounter some 
papillae associated with small thickened ducts that do not peimit the use of the 
medium sized dilatois On the othei hand, we have some very large ducts 
with veiy laige stones present One can with case determine the size of the 
hepatic ducts and assume that a stone may be tucked awa}'' within the ducts 
above the poital fissure It is m such a dilated biliary tiee that one is justified 



Graph 2 — Shouingr the nature and per 
ccntige of biliarj tract operations performed 
at the Alassachusetts General Hospital, during 
the period October i, 1930-October i, 1935 



Graph 3 — Showing the nature and per 
centage of biliarj tract operations performed 
at the Massachusetts General Hospital, during 
the period October 1, 1935-October i, 1939 


m gradually stretching the papilla to the size of the hepatic duct This oc- 
casionally requires the use of the larger sized dilatois 

There has been a gradual inciease in the percentage of ducts explored and 
stones found as shown in the compaiative Graphs 2 and 3 The incidence 
of stones found in all biliary tract operations might be indicative of many over- 
looked stones in the former senes and should have resulted 111 a very large 
number of patients returning for further surgery As a matter of fact, the 
proportional inciease is far greater than the incidence of unrelieved patients 
We are inclined to attribute this disci epancy to a better system of immediate 
postoperative notes We have not included cases that have been recorded as 
having had “mud” 01 “detritus” in the ducts with those having had stones 
Also, there may be some variation in the type of patient coming to a general 
hospital clinic in comparison to a selected group For instance, in our own 
peisonal series of 266 biliary tract operations during this period, 159, or 597 
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pel cent, had duct exploiations, in whom stones were found m 98 instances 
This repiesents 61 6 pei cent of the ducts exploied, 01 368 pei cent of all 
cases opeiated upon foi biliaiy liact disease 

The data in Table I indicate a moie ladical tendency as legaids cholecys- 
tectomy rather than cholecystostomy, but we still feel that the lattei operation 
IS justifiable under certain ciicumstances, paiticularly in the aged and very 
ill patient One must also admit that expioiation of the ducts superimposed 
on cholecystectomy adds to the risk It must be borne in mind, however, 
that the indications foi common duct expioiation are clear-cut and definite, 
also that these patients, on the whole, represent pooier risks on the basis 
of then pathology alone 


Table II 

C4.USES OF DEATH IN COMMON DUCT EXPLORA-TION 


M G H , Oct 

1, 1930-Oct I, ip 3 Q 

561 Dilated Cases 

214 Nondilated Cases 

Pneumonia 

5 

I 

General pentonitis 

3 

3 

Bile pentomtis 

4 

0 

Hemorrhage 

2 

3 

Bilateral pulmonary atelectasis* 

3 

0 

Cardiac failure 

3 

I 

Pulmonary emboli 

I 

2 

Acute pancreatitis 

I 

0 

Subdiaphragmatic abscess 

0 

I 

Totals 

* One death on operating table 

22 

II 


A careful compaiative analysis of the complications following expioiation 
of the ducts with and without dilatation of the papilla of Vater has been made 
The fatal postoperative complications are summarized in Table II There 
IS not enough difference in the mortality percentage in the two groups to war- 
rant argument, although theie is a constant mciease of over i per cent in 
those patients who did not have mstiumentation of the papilla It would 
seem that pulmonary complications weie moie frequent m those patients who 
had dilators passed through the duct outlet This may be a coincidence but 
one must accept the fact that the added time consumed may be of significance 
Also, there were four deaths from bile peritonitis in the group who had 
dilatation and none in those not dilated This brings up points of detail of 
technic which are important even if it beais no real relationship to instru- 
mentation of the papilla These will be more completely discussed in a 
subsequent publication Briefly, it means that the duct should never be sutured 
without adequate drainage to the outside We believe that this should be 
accomplished by means of a tube sutured into the duct as well as drains placed 
m the most dependent area of this region It is of utmost importance to be 
sure that the tube is draining bile before the abdomen is closed Also, if there 
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IS piofuse bile diainage into the chessing oi signs of bile peritonitis and little 
01 no bile is coming through the tube, then the patient should be leoperated 
upon and the mechanical faults of the drainage coriected The eailier this is 
iecogni 7 ed and remedied, the better the convalescence It is pleasing to note 
that deaths fiom heinorihage m jaundiced patients will probably not be 
recoided m the future, since the dramatic advent of vitamin K has eliminated 
this ha/aid 


Tahii: III 


POSTOPl RATIVr HOSPITAL DA^S (NOVTATU COMPI ICATIONS) 


Papilla 

Discharged by the eighteenth day 
Remained in the hospital longer than 20 days 
Private cases with no surgical reason for delay 


561 Dilated 
402, or 71 6% 
90 
29 


214 Not Dilated 
109, or 50 9% 
60 


Table IV 

REASON rOR PROI ONGED HOSPITALIZATION 


Papilla 

Dilated 

Not Dilated 

Wound sepsis 

29 

18 

Pulmonary 

9 

2 

Prolonged biliary drainage 

4 

27 

Bile peritonitis 

4 

I 

Study for other diseases 

4 


Dehiscence 

3 

I 

Miscellaneous 

8 

5 

Totals 

61 

54 

Per cent of total 

10 9 

25 7 


The nonfatal complications aie lecorded m Tables III and IV Based on 
the number of postoperative hospital days necessary, it is obvious that the 
patients who have instrumentation of the papilla have a shorter convalescence 
The most stiikmg difference is the greater numbei of patients who have 
prolonged drainage of bile to the outside m the nondilated group This would 
indicate that instrumentation enhanced the flow of bile through the papilla 
Table V further confirms this evidence 

Table V 

PROLONGED BILIARY DRAINAGE 


Papilla 

561 Dilated 

214 Not Dilated 

Prolonged drainage 

4 

27 

Discharged draining bile 

4 

18 

Reoperated cases 

4 

8 


It is apparent that many of the theoietic objections to instiumentation of 
the papilla have not been substantiated , also that some of the complications 
most feared have occurred rarely if at all There has been no death or serious 
illness from acute ascending infection m our group, although hvo cases of gas 
bacillus infection were reported by Lahey Thei e has been only one case of 
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duodenal leflux and this occuiied eaily in the senes, dealing up spon- 
taneously in 21 days This, we believe, may have been due to the only false 
passage lecoided but ve cannot be suie of the exact chain of ciicumstances 
Duodenal reflux occuiied in two cases lepoited by Davis® in an earliei 
senes fiom oui hospital These patients had veiy laige stones, long impacted 
in the papilla, and will be discussed latei under destioyed sphmctenc action 
One case developed acute panel eatitis, with fatal outcome Since many of 
these insti umentations weie undei taken thiough areas of thickening in the 
head of the pancreas, it is surpnsing that moie of these did not develop a 
fulminating, acute flare of inflammation 

In the complications that come aftei the immediate convalescence is 
passed, we aie equally suipnsed that most of oiii dieaded sequelae have 
failed to develop The possibility of the effects of desti oyed sphincteric action 
has been sti essed It is obvious from oui expei iinental data, as well as those of 
otheis, that the sphmctei is not destioyed when dilatation is earned to or 
just under the size of the aveiage duct Also, it must be borne m mind that 
the peak of dilatation has been within physiologic limits in the majority of 
our patients Theie have been, howevei, enough individuals with very large 
ducts, having the papilla dilated to 8 Mm oi inoie in our group, to wan ant a 
guess that occasionally the sphmctei ic action may have been destroyed There 
have also been some cases who had stones of i cm or more in diameter im- 
pacted in the duct ampulla foi some time prior to opeiation In these patients, 
tiansduodenal exploration was sometimes necessaiy and the sphincter actually 
incised in order to remove the stone In none of these cases was there any 
evidence that such a piactice was conducive to cholangeitis oi serious digestive 
disturbances It seems apparent that one could not desti o)'' the sphincteric 
action of the papilla in the aveiage case ^'Ve believe, howevei, that the loss 
of such action may not be too important to the health of the individual The 
emphasis should be placed on the establishment of free bile drainage into 
the intestinal tract m the most normal manner consistent with the existing 
pathology Since the duct runs obliquely thiough the duodenal wall in a longi- 
tudinal direction and theie is a definite mucosal overhang to its outlet, theie is 
obviously less dangei of ascending infection in such a duct without a sphincter 
than theie would be fiom the usual surgical anastomosis between the duct 
and the bowel 


Tabie VI 

SECONDARY COMMON DUCT EXPLORATION 


Papilla 

561 Dilated 

214 Not Dilated 

Secondary operations 

8, or I 42% 

II, or 5 14% 

For stone 

4, or 071% 

9, or 4 21% 

For cholangeitis 

I 

0 

For pancreatitis 

r 

r 

For biliary cirrhosis 

I 

0 

For cancer of the pancreas 

T 

0 

For stricture 

0 
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Late cicati icial contraction of the papilla following instrumentation has not 
occurred We have been fortunate enough to reoperate on a few of these 
patients (Table VI) In foui of these, the secondary operation was per- 
foinied for stone, and in none was theie any evidence of constriction of the 
previously dilated outlet In t\\ o instances at least, the same size dilators that 
had been emplo3'ed at the pi evious opei ations passed through the papilla In 
the olheis, the papilla was mstiumentated with greater ease than at the original 
procedure The leopei ations foi cholangeitis and biliary cirrhosis were for 
pieexisting conditions This was inobably true of the case of carcinoma of 
the panel eas The one case of acute pancreatitis apparently had no bearing 
on the previous opeiation 

In the nine secondaiy operations foi stone occuriing in those patients who 
did not have the papilla dilated, it is fair to say that convalescence was good, 
and usually theie was no leturn of symptoms after the stones were removed, 
even if the papilla was not insti umentated at this second procedure 

Theie are some interesting follow-up data on patients who have had 
symptoms aftei opeiation but have not been reopeiated upon There were 
ten patients m the nondilated group wdio continued to have attacks of biliary 
colic after common duct exploration, wnth removal of stones One of these 
became symptom-fiee after an attack of colic and jaundice occurring four 
wrecks after operation and has remained w'ell foi seven yeais The other nine 
cases continued to have symptoms for as long as they w'eie followed four 
of them horn one and one-half to foui years, five fi om one to six months 
Most of these w^ere advised to have a second operation but either refused or 
went elsewdiere to have it done Thei e w^as one patient who had instrumenta- 
tion of the papilla wnth removal of stones from the ducts, who returned at 
the end of tw’’0 months wnth the stoiy of having had foui severe attacks of 
biliary colic similar to the attacks he had had prioi to operation He reported 
at intervals of six months and three years that he had been s3'mptom-free 
since his first postoperative visit It is obvious to us all that patients may 
pass a stone from the common duct following choIccystectom3’’ wnth or with- 
out common duct exploration Unfortunatel3'’, a good many of the overlooked 
stones must be removed at a subsequent operation It is our belief that inan3' 
more stones will pass the caiefull3' dilated papilla than the noimal one Our 
study of these recoids w'ould seem to suppoit such a viewpoint 

SUMMARY AND CONCLUSIONS 

(1) Comparative data have been presented on groups of patients with 
biliaiy tiact disease who have been subjected to common duct exploration — 
with and without instrumentation of the papilla of Voter 

(2) It appeals that careful, gradual dilatation of the papilla to a size less 
than the diametei of the common bile duct is a safe piocedure 

(3) Theie iveie moie postoperative pulmonaiy complications in the group 
that had had dilatation of the papilla 

(4) Fatal bile peritonitis also occuiied in foui of those patients who had 
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dilatation, while none occinied in the nondilated group We believe the 
technical difficulties of diainage accounting foi these deaths have been coi- 
1 ected 

(5) Theie was a lowei peicentage of mortality in those patients who 
had dilatation of the papilla This is not marked and we admit that it may 
not be significant 

(6) The nonfatal complications were greatei in those patients who did 
not have instrumentation of then papillae This was particularly evident as 
legal ds prolonged external bile drainage, increase m number of hospital days, 
and necessaiy secondaiy opeiations 

(7) Seiious ascending infection, either late oi early, did not follow in- 
strumentation of the papilla of Vater m our cases 

(8) Duodenal reflux occuried m only one instrumented patient and this 
cleared up spontaneously 

(9) Late cicatricial constriction of the dilated papilla has not occuried 

(10) We doubt the permanence of the dilatation in the average case 
In veiy laige ducts with dilatation carried to i cm the sphinctenc action may 
be lost Under these circumstances, it does not seem to have interfered with 
the health of the patient 
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SOLITARY CYSTS OF THE SPLEEN ^ 

Foi Roberson, M D 

DuniiAM, N C 

The subject of this communication has a twofold puipose First, to put on 
lecoid before this Society two moie cases of this comparatively lare condi- 
tion, also, to call youi attention to some of the lapidly changing thought in 
recoid to suigeiy of the spleen The two cases heiein lepoited weie seen dur- 
ing 1937, the first was of the hemoiihagic type, and was opeiated upon by one 
of my colleagues, and will not be repoi ted in detail The second was operated 
upon by myself, and was of the seious or lymphatic type, being a definite, true, 
solitaiy cyst of the spleen This case will be leviewed somewhat in detail 
Solitaiy cysts of the spleen should be classed as (i) Hydatid (2) Hem- 
orrhagic (3) Serous or lymphatic The cause of h3^datid cyst is definitely 
known and the diagnosis can be made and appiopiiate treatment instituted 
Hemoirhagic cyst of the spleen is due to hemorrhage eithei under the 
capsule 01 into its substance The cause of the hemorrhage may be traumatic 
or spontaneous The diagnosis and treatment in this type do not usuall}'^ pie- 
sent difficulties, although the cause of the hemoi rhage maj’^ not always be clear 
The contents of such C3^sts aie blood3’’ and the lining wall in the hemoiihagic 
t3'^pe is made up of fibrous tissue and has no epithelial lining 

The third type of solitai3'' C3^st, serous or l3nnphatic, is also a lather rare 
condition Its contents are seious or l3nnphatic, which coagulate upon 
standing, and the wall of the C3^st has an epithelial lining To give vou an 
idea of the rarit3’’ of this condition the Ma3fo Clinic, over a jjeiiod of 36 3'eais, 
from 1904 to 1934, lepoited 646 splenectomies, only two of which weie le- 
corded as cysts of the hemonhagic t3'pe, and none of the l3nnphatic t3'pe 
Howald,’^ in 1926, was able to find lecoids of 73 in the literatuie, of the 
t3^pe concerned in this gioup Fo\\Ier- has ascribed the serous 01 tymphatic 
cyst to trauma, peiitoneal inclusion, dilatation of the splenic sinuses, and 
degeneration due to arteiial insufficiency in infaicts 01 tumois So fai as I 
know, theie is no classic tiain of signs and s3nnptoms b3^ which these cysts 
may be diagnosed The3'^ may, by accident, be found b3’^ the patient feeling 
an enlaigement in the upper left quadrant of the abdomen, or in the couise of 
a routine diagnostic surve3'^ of the patient A stud3^ of cases leported will le- 
veal the fact that the signs and S3unptoms usuall3' diffei quite widety m indi- 
vidual cases and are often misleading as will be seen in my own, as herein 
reported There is no typical blood pictuie 

Case Report — My patient had been vanouslj diagnosed as appendicitis, visceroptosis, 
and renal infection There were good reasons for each of these diagnoses She was 
operated upon, January 12, 1938 However, she liad been under tlie treatment of two or 
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three other phj'sicians as far back as 1935 There was nothing significant in the familj' 
or the patient’s history She was a very intelligent young woman, age 23, a proof- 
reader by profession Her story was that she gradually became weak, lost weight, 

had indigestion accompanied by nausea, acne developed ovei the face, she developed low 

back pain and also symptoms suggestive of appendicitis, and became moderately anemic, 
apparently of a secondary type Her ailments became so exaggerated that she found her- 
self losing time from her work, necessitating rather frequent vacations She would im- 
prove during rest periods but would relapse into the same condition after returning to 
work It was during the course of a general diagnostic survey that the tumor was felt 
in upper left quadrant, and roentgenologic examination revealed an enlarged spleen , the 
stomach was pushed downward to the right, left kidney downiw^ard, and there was more 
or less general viscei optosis and urinary disturbances The exact nature of the enlarged 

spleen, of course, could not be determined How'ever, it having follow'ed shoitly after 

the other case referred to, namel^q that wdiich proved to be a hemorrhagic cyst, w'e sus- 
pected a C3St of the spleen Operation was not advised, how^ever, until after the patient 
had been given a series of roentgen ray treatments, w'hich did not afford relief, finally, 
operation was decided upon, at w'hich a cystic spleen w’as revealed A splenectomy w'as 
performed 

Pathologic Examination — Gioss Path No 121-86, Dr Roberson The specimen 
IS a spleen, considerably enlarged, roughly measuring gxiixi^ cm , and weighing 1,350 
Gm The upper and lower poles show giossly normal splenic tissue, but the greatei 
part (central) is occupied by a large cjst, containing clear, straw-colored liquid, which 
coagulated on the standing The lining of the cyst is w'hite and show's numerous 
trabeculae, flattened against it Except at the poles, the wall of the cyst is rather thin, 
averaging 2 to 4 Mm in thickness The fluid from the cyst contains no parasites, and 
cultures for bacteria are negative Mici oscopic Sections from the upper and lower poles 
show' splenic tissue of the usual structure The w'all of the cj'st contains much dense, 
h3 aline fibrous tissue and is lined 63' a single la3'er of flat cells, w'hich are slightl3 swollen 
in places Pathologic Diagnosis Dr Thomas H Byrnes Cyst of spleen, nonparasitic 

Postopei ative and Subsequent Coiuse — The patient stood the operation satisfactonf3' , 
being quite frail and anemic, she w'as given a blood transfusion following the operation 
She made a good operative recovery and eventually returned to her employment as a 
proofreader, however, she still found herself unable to continue at w'ork, and the low' 
back pain persisted It w'as probably not connected w'lth the splenic condition Her gen- 
eral health improved but not as much as desired She is now' acting as an assistant in 
a dentist’s office and is getting along fairly w'ell The acne on the face has practically 
disappeaied, leaving some scarring, but she gives one the appearance of being older 
than she really is, she is now' in her tw'enty-fifth year but her tissues are those of a 
person five or ten years older 

An interesting question is What was the exciting cause of this condition 
which practically desti03'ed the spleen, and wdiat effect upon the oiganism, as 
a W'hole, has the splenectomy had? In shoit, by lemoving the spleen w'e 
stopped the progress of the condition but we have not supplied what the loss 
of the spleen has entailed, wdnch leads us to a brief discussion of the second 
idea as the puipose of this communication, namely, a discussion of recent de- 
velopments in the knowdedge and functions of the spleen 

Hanrahan and Vincent^ discuss this subject and make the follow'ing com- 
ment “During the past decade much advance has been made in the knowdedge 
of the spleen It should no longer be said that the function of the spleen is 
unknow'ii The advance m anatomy and physiology, combined w'lth much 
more exact hematologic diagnostic technic and information regarding the 
blood disorders, has led to considerable revision of our conclusions regarding 
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the indications foi, and results of, splenectomy in those disorders” Foi in- 
stance, in the j\'Iayo senes of 646 splenectomies, a good many were pei formed 
foi peinicious anemia and thrombopenic puipuia hemoiihag-ica The knowl- 
edge gamed following the woik of Whipple'* on the anemias in general, and 
the obseivations of Minot and Muiphy on liver treatment m pernicious anemia, 
would piobably m the light of piesent knowledge, eliminate many of these 
opeiations The so-called splenic anemia group, which according to these 
w Olivers should be classified as anemia with splenomegaly, also the group of 
conditions coming undei the head of Banti’s disease would probably show 
b^f modern hematalogic diagnostic technic, and would no doubt be amenable 
to medical tieatinent without resort to splenectomy 

This leaves the question of what ultimate effect splenectomy has on the 
oiganism, as a whole, unanswered, but, as further study of the functions of the 
spleen is 1 esorted to and more knowledge gained, the answer to this interesting 
question will no doubt be forthcoming sometime m the near future 
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Discussion — Dr Charles Gordon Heyd (New York, N Y) Ivould 
like to repoit a brief history of a New York surgeon who, 30 years ago, had 
his spleen lemoved for rupture during the course of typhoid fever About 
every ten yeais this gentleman has had a complete check-up and, so far as his 
piiysicians have been able to deteimme, there has not been a single deviation 
from the normal It may, tbeiefore, be said that whatever function the spleen 
serves, an individual is capable of leading a normal life without it 

Dr J deJ Pemberton (Rochester, Minn ) I would like to have the 
statistics from the Mayo Clinic bi ought up to date Since 1904, there have 
been approximately Soo cases in which splenectomy was performed m the Mayo 
Clinic, and of this numbei there were only four cases of cyst of the spleen, an 
incidence of o 5 pei cent I agree with Doctor Roberson, therefore, that a 
solitary cyst of the spleen is a rare condition In the four cases that we have 
obseived, all the patients were young people, the ages ranging from seven to 
30, three were females and one was a male There was no history of asso- 
ciated trauma in any of the cases One woman had recentl}^ given birth to a 
child This IS mentioned because childbirth has been considered by some as a 
possible etiologic factor 

Dr Foy Roberson (Durham, N C , in closing) Doctor Heyd’s report of 
the doctor who had the spleen removed is, I think, in keeping with the usual 
course of events m adult life after splenectomy One might compare the func- 
tion of the spleen with that of the thyroid gland, or probably other glands of 
internal secretion After the individual has reached full development the 
internal secretion is not needed as it is in the growing child, or the lost func- 
tion may be taken up by some other glands of internal secretion 
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The diagnosis of acute pancieatitis by ordinal y clinical methods is notoii- 
ously difficult and unsatisfactoiy Evidence of this from the University of 
Rochestei Hospitals was obtained when the subject was reviewed for the State 
Medical Society, m the spring of 1939 

Eail) 111 the 3^eai, before getting together our material, consultations weie 
had with many surgical leadeis legaidmg their impiessions about this condi- 
tion Then expeiiences, with scarcely an exception, weie piactically identical 
with our own 

It became appaient that at least tliiee diffeient pathologic types of pan- 
el eatic inflammation should be consideied m any report on the subject The 
acute edematous type could be subdivided further into mild and relatively 
severe forms The hemoirhagic, necrotic type gave a more gloomy outlook 
The suppuiative form or panci eatic abscess occupied an intermediate position 
At the time of my study this differentiation of the types m our clinic was veiy 
sketchy From the clinician’s standpoint he was lucky even to have con- 
sidered the possibility of pancieatitis, let alone the finer shades of varieties 

The clinical picture was a confusing one for the severe forms of the con- 
dition The symptoms and signs alone could not serve to diffeientiate the 
seveie type of pancreatic edema from the othei varieties Pain was present 
111 100 pel cent of all foims It was sudden, seveie, agonizing, m most 
instances Occasionally it ladiated transveisely across the epigastrium fiom 
right to left Vomiting occuried in 75 per cent It was not a reliable 
symptom because it failed to peisist m some cases but became almost con- 
tinuous m others Jaundice was present m only one-third of our patients 
The presence or absence of shock depended upon the time when the patient 
was first seen by the physician About 20 pei cent of these patients were 
veiy fat and over one-half of them were more obese than the average The 
most impoitant vital sign was the lelative increase of the pulse rate compared 
to the temperature Tenderness was the outstanding physical finding It was 
present in all cases , spasm was noted 111 50 per cent , distention m 38 per cent 
The white blood count aveiaged 17,000 — an important aid 

At this time, in oui clinic none of the special tests for pancreatic dysfunc- 

* Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
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tion weie being made They weie consideied to be too unreliable to be of 
value Consequently we bad no data on blood oi urinaiy diastase, blood 
lipase, 01 tryptic feiinent studies We did lecoid an occasional high blood 
sugai , and an occasional glycosuiia in these patients 

Cases of inildei pancieatic disoidei weie seen and so diagnosed without 
benefit of special laboialoiy tests Consequently, they weie not included in 
the lepoit becciuse they lacked scientific veiification 

The diagnosis of acute panel eatitis of some form could be postulated 
when an obese individual had a sudden seveie epigastric pain If this was 
accompanied b}'’ vomiting, shock, tenderness m the epigastiium verging to the 
left, absence of fever, a i datively rapid pulse and a high white blood count, 
it was quite likely to be coiiect Inci easing distention would tend to further 
substantiate the diagnosis, and tenderness in the left costovei tebi al angle 
would be of additional aid 

The diagnoses suggested by the many physicians who saw these patients 
weie compared with those actually made as acute pancreatitis On this basis, 
from symptoms and signs alone, the coirect diagnosis was made in only 17 
per cent The most common eirors weie seveie, acute biliaiy tiact disease, 
ruptured tilcei , intestinal obstruction or mesenteric thiombosis, peritonitis, 
and coronal y occlusion 

Following this pool showing of diagnostic acumen, ve decided to make 
use of some special test foi pancreatic dysfunction The liteiatuie of the last 
ten yeais is full of lefeiences to vaiious tests which aie in use especially in 
foieign clinics 

In reviewing the tests foi the measuiement of pancieatic activity, we de- 
cided that the amylase test was the most constant and satisfactoiy Conse- 
quently, we adopted Somogyi’s- amylase method foi use in our clinic This 
test IS earned out as follows A starch solution containing 75 mg of staich 
and 250 mg of sodium chloiide pei 100 cc is used as a substrate The test- 
ing solution IS made up of a o 002 n solution of aqueous iodine in 2 pei cent 
potassium iodide Foui cubic centimeters of the staich solution aie placed 
in an ordinary test tube and immeised in a watei bath at 40° C While this 
is wanning up o 5 cc poitions of the iodine solution aie added to several 
small (7 Mm ) test tubes One cubic centimetei of the serum 01 plasma to 
be tested is then added to, and mixed with, the watm staich solution and the 
time noted At intervals of two to five minutes, o 5 cc samples of the in- 
cubating mixture aie withdrawn and added to one of the small test tubes 
containing the iodine solution This is then viewed in tiansmitted light As 
the hydrolysis of staich pioceeds, the oiiginal blue coloi will change to deep 
purple, light pill pie and finally to the red-biown color of eiythrodextrin 
The end-pomt is the time at which a barely peiceptible tint of pin pie can be 
seen in the led-biown solution If the amyhtic activity of the blood is high, 
the first specimen of the incubating mixtuie may be past the end-point when 
tested If this occuis, one must either test a similai new set-up at more fre- 
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quent inteivals oi use serum diluted with 05 pei cent sodium chloiide, the 
latter method being piefeiable In piactice, the test is easy to do, and with 
some expel leiice m the colois one can estimate the speed of the leaction and 
fewei sample tests will have to be made 

K 

The lesults are calculated fioni the foi inula A A (or D) = wheie 

TXV 

AA IS the amylitic activity of the sample, K a constant usually about 1,600, 
T the time in minutes lequired to leach the end-point, and V the volume of 
seium used Normal values lange between 70 and 200 

The concept of amylitic activity expiessed 111 this way is an outgiowth of 
the use of coppei 1 eduction methods in sugar determination By these methods 
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PANCREATITIS NOT C0NSDERED\ PANCREATITIS CONSIDERED 


Chart i — Showing the blood ani>lase determinations in various 
t\pes of epigastric disease, undertaken in order to control its value 


the sugar content of the serum was detei mined, after which another sample 
of serum is incubated with a starch solution under standard conditions and 
the “sugar” content of the staich serum mixture determined The differ- 
ence, then, represented the increased copper reduction resulting from the 
partial h3'-diolysis of starch and was expressed in terms of glucose A value, 
for example, of 140 then means that, under standaid conditions, 100 cc of 
the plasma would pioduce starch cleavage pioducts having the same copper 
1 eduction as 140 mg of glucose In Somog}''i’s method the glucose is not 
detei mined at all, but the results aie expressed m terms of copper reduction 
assumed to be glucose foimation This apparent paradox is explained by the 
use of the constant K In the correlation of a large number of detei minations 
by copper 1 eduction and the time methods, it was found that the value for 
K held under the conditions desciibed In other words, the same lesults 
will be obtained with the use of either the sugai reduction or the stai ch-iodme 
method We hai^'e done a few determinations by both methods and find the 
correlation satisfactoi y 
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Since June, 1939, we Iiave used the amylase test in various types of cases 
uheie alidominal pain was a symptom The distiibutioii of values obtained 
is shown 111 Chait i In 40 cases of chionic cholecystitis, lefeiied into the 
hospital foi elective opeialion, two weie slightly highei, and 14 weie slightly 
lowei, than noimal Of 23 patients with vague abdominal pain, none gave 
readings highei than noimal Of 29 cases in which pancreatitis was coii- 
sideied but not diagnosed, two were slightly higher and ten lower than 
noimal These 29 included cases of acute cholecystitis, ulcers, generalized 
peiitomtis, lenal stone and mesenteric thrombosis 

Of 12 cases showing significant elevations of blood amylase, nine came 



DAY OF ILLNESS 

Chart 2 — This records the cases in which the 
amylase test gi\e readings aboNe normal The indi 
Mdual cases, as indicated by initials, are discussed in 
the te\t 

to operation (Chart 2) Seven showed evidence of panel eatitis , and in those 
with highei amylase levels the edema was marked Of the other two opeia- 
tive cases, L S (amylase 400) had a common duct stone with marked edema 

over the common duct with the pancreas noi nial to palpation G M (amylase 

430) was shown to have extensive caicmoma in the right upper quadiant with 
almost complete duodenal obstiuction and the pancreas was not palpated 
A L was opeiated upon with the preoperative diagnosis of acute cholecystitis 
In J M opeiation was performed for suspected perforated ulcer Both had 
edematous pancreases at opeiation Preoperative blood amylase had not 
been estimated in either case because the diagnosis was not suspected In 
both, the amylase level was found to be high after operation In three cases 
with elevated amylase readings, not coming to surgery, we weie able to fol- 
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low two O F piesented the clinical picture of the disease and his readings 
gradual!)^ fell to noimal m six days He returned to the Emergency Depart- 
ment two weeks latei with moderate recurrence of pain At that time he 
showed an amylase determination of 270 but declined to remain for treatment 
E M can be legaided as a questionable case He was an alcoholic with 
diminished liver and kidney function with moderate uppei abdominal pain 
This cleaied in about five days, duimg which time he was model ately ill 
W S was discharged on the day following admission 

CASE REPORTS OF 12 PATIENTS SHOWING SIGNIFICANT ELEVATIONS 

OF BLOOD AMYLASE 

Case I — Hosp No 145426 E H , female, age 26, was admitted to the Rochester 
Municipal Hospital, May 13, 1939, complaining of epigastric pam This began six days 
before admission with a transient attack which subsided The pain returned four da5'^s 
before admission with radiation to both shoulders, nausea and vomiting She had been 
unable to retain food for three days On admission, the pain was localized in the 
epigastrium There was no history of previous episodes The patient had had nocturia 
of two times and some urgency but no burning for several years Examination showed 
a temperature of 374° C, pulse 84, respirations 22 She appeared pale, acutely ill and 
dehjdrated Respirator}^ movements were limited The breath sounds were slightly sup- 
pressed at the right base The abdomen was scaphoid with localized epigastric tender- 
ness and voluntary spasm with rebound pain throughout The gallbladder was not 
palpable Murphy’s sign was equivocal Left costovertebral angle tenderness was present 
The white count was 18,800, and the urine showed a two plus acetone and many white 
cells in the catheterized specimen The diagnosis rested between a low grade pancre- 
atitis and chronic pyelitis She was given parenteral fluids and mild sedation 

On the following day the epigastric pain was more severe and moderate distention 
was present The temperature rose to 38 8° C and the pulse to 120 The blood amylase 
was 3,700, and the icteric index 18 Conservative treatment was continued and included 
a blood transfusion On the third day, jaundice was evident but the patient felt better 
The blood amylase was 800, and the icteric index 48 On the fourth day the icteric 
index rose to 83 while the amylase dropped to 80 The temperature, which had fallen, 
was again elevated 

Opei afton — The abdomen contained a large amount of clear yellow fluid The head 
of the pancreas was swollen and indurated and small fat necroses were present The 
gallbladder was distended and contained many stones No common duct stone was 
palpable The gallbladder was drained and a cigarette dram inserted into the lesser 
peritoneal cavity There was bleeding from the wound which was controlled with trans- 
fusions and vitamin K Her course was stormy There was no drainage from the 
cholecystostomy tube She was discharged from the hospital on the twenty-sixth post- 
operative day, and when last seen, four months after discharge, her only complaint was 
easy fatigability Posfopctafwe Diagnosis Acute edematous pancreatitis with fat 
necrosis , cholelithiasis 

Case 2 — Hosp No 155656, H M, female, age 60, was admitted to the Strong 
Memorial Hospital, July 28, 1939, complaining of upper abdominal pam of four days’ 
duration This was of sudden onset, radiated to the back, doubled her up, and was fol- 
lowed by nausea, and vomiting without relief The pain lessened but was constantly 
present until the time of admission A history of intolerance to fatty foods was obtained 
Examination showed a temperature 38° C, pulse 104, respirations 26, blood pressure 
150/90 The patient appeared acutely ill There was lower chest pam with coughing 
The abdomen was slightly distended There was tenderness in the epigastrium and right 
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Upper c|ua(lraut, i\licrc slight spasm was present The white blood count 6,800 There 
was bile m the urine Icteric index 30 Blood amylase 1,600 The patient was con- 
sidered to have an acute pancreatitis, probably on the basis of a common duct stone 
Operation was advised but refused Daily deep roentgenotherapy of 75 r was given 
for a period of si\ da>s The amylase fell to 40 The patient improved but continued 
to have epigastric distress Intravenous cliolecystogram showed a small area of de- 
creased density m the gallbladder and a dilated common duct Gastro-intestinal senes 
and barium enema were negative Because of continued discomfort the patient consented 
to operation after 19 days 

Opc)oito)j — The gallbladder contained sand and a single stone was removed The 
head of the pancreas was the size of an orange, rubbery and lobulated The common 
duct contained no stones The postoperative course was febrile for three days after 
which improvement was slow and the patient was discharged on the nineteenth post- 
operativ^e day When last seen, six weeks after operation, her only complaint was 
slight tenderness at the site of the stab wound Postoperative Diagnosis Subacute 
edematous pancreatitis , cholelithiasis 

Case 3 — Hosp No 128221 A L, male, age 53, was admitted to the Strong 
Afcmonal Hospital, May 24, 1939, complaining of severe upper abdominal pain, more 
marked on the right side For two weeks he had had general malaise, upper abdominal 
soreness, anorexia and headache The pain became quite se\ere the day of admission, 
and the patient felt faint Foi the past two 3 ears he had had minor attacks of right 
upper quadrant soreness and nausea relieved by vomiting In addition, he had two rather 
severe episodes less painful than the present one Examination showed temperature 
394® C, pulse 124, respirations 24 Blood pressure 120/80 The patient appeared 
acutely ill General examination was negative There was no jaundice The abdomen 
showed marked tenderness and spasm in the right upper quadrant The ^\hite blood 
count was 21,100 Blood amylase determination was not done Diagnosis of acute 
cholecystitis was made and immediate operation performed 

Opciation — The pancreas and surrounding retroperitoneal tissues were markedb" 
edematous The gallbladder was tense but smooth Cholecvstectomy \\as performed 
Blood taken immediately after operation showed an s^yhUc activit3^ of 2,160 The tem- 
perature gradually returned to normal on the fifth postoperative day The patient was 
given small doses of deep roentgenotherapy on the second and third postoperative dajs 
The blood amylase was 400 on the second postoperative day and 90 on the fourth post- 
operative day The patient was discharged on the t\\ ent} -second postoperative day, and 
when seen one month after discharge, he had no complaints referable to the abdomen 
Posfopci aiivc Diagnosis Acute edematous pancreatitis, choice} stitis 

Case 4 — Hosp No 133361 J AI , male, age 71, was admitted to the Rochester 
Municipal Hospital, June 6, 1939, complaining of severe abdominal pain of three hours 
duration This came on suddenly and radiated across the abdomen but not to the back, 
shoulder or arm The patient was soon doubled up and developed a cold sweat There 
were no previous attacks of abdominal pain save for a severe attack of ‘^cramps^^ 25 >ears 
age Examination showed a temperature of 365° C, pulse 60, respirations 18 Blood 
pressure 180/90 The patient appeared acutel} ill The skin was cold and moist He 
was well preserv^ed and there were no abnoimalities of the cardiovascular system found 
The abdomen showed tenderness and spasm in both upper quadrants White blood count 
was 13,500, and an emergenc} electrocardiogram showed an interventricular conduction 
defect He was considered to have either a perforating ulcer or a coronary occlusion 
Three hours after admission the abdomen was board-like in both upper quadrants and 
operation was undertaken 

Operation — The abdomen contained much bile-stained fluid The pancreas was in- 
durated, swollen to about five times normal size, and showed tiny areas of recent hemor- 
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rhage Small areas of fat necrosis were present The gallbladder was distended No 
stones were palpable in the common duct Blood amylase immediatel}'' after operation 
was 1,100 The postoperative course was stormy and the temperature remained elevated 
for two weeks, during which time the patient was dangerously ill Deep roentgeno- 
therapj' of 50, 100 and 150 r was administered on the sixth, seventh and eighth postopera- 
tive days The wound became infected, partially digested and the drainage fluid was 
shown to have an amyhtic activity of 4,000 With aluminum paste, frequent irrigations, 
and constant suction it finally healed in He was discharged from the hospital on the 
thirty-seventh postoperative da}’' When last seen ten weeks after discharge he was feel- 
ing well and had gamed some 20 pounds in weight Postopeiahve Diagnosis Eaily, 
acute hemorrhagic pancreatitis with fat necrosis 

Case s — Hosp No 157056 W S, female, age 37, w’as admitted to the Strong 
Memorial Hospital, September 13, 1939, complaining of severe abdominal pain This 
began 48 hours before admission It w’as most severe m the right upper quadrant and 
radiated to the back and right shoulder There had been constant nausea and repeated 
vomiting The pain W'as not relieved by a hypodermic of morphine given by her 
phvsician For the past three years she had had gallbladder attacks, once with jaundice, 
and she avoided fatty foods The pain had never been severe enough to require hospital- 
ization before Examination show’ed a temperature of 37 6° C , pulse 84, respirations 22 
The patient w’as in acute distress The skin showed no jaundice The abdomen showed 
marked right upper quadiant tenderness and spasm, but elsew’here w’as soft Murphy’s 
sign W’as positive The wdiite blood count w'as 6,800, and the blood amylase 1,500 On 
the following day the pain had largely subsided, but there w’as residual right upper 
quadrant tenderness The patient was discharged to her physician in Canada Clinical 
Diagnosis Acute edematous pancreatitis 

Case 6 — Hosp No 155800 O F , male, age 37, was admitted to the Rochester 
Municipal Hospital, August i, 1939, complaining of epigastric pain of one day’s duration 
This came on shortly after a hearty evening meal Vomiting was induced w'lth slight 
relief He w’as able to sleep lightly On the morning of admission he ate a light break- 
fast and had little pam until three hours later Then the same pain returned of such 
severity that he stopped w’ork He called his physician, who gave codeine and morphine, 
w’lthout relief Four days before admission he had a similar but transient attack wnth 
fever of 103'’ F All his symptoms subsided without treatment There w’as no history 
suggestive of gallbladder disease Five years ago he had had pain after meals wuth relict 
by an ulcer regimen for a short time On examination he w’as found to have a tempera- 
ture of 40° C, pulse 96, respirations 20 Blood pressure 110/70 He w'as acutely ill 
The skin w’as not jaundiced The abdomen was scaphoid with epigastric tenderness and 
slight spasm No fluid w’ave could be demonstrated The w'hite blood count w’as 
17,800, icteric index 42, and blood amvlase 1,800 The diagnosis rested betw’een pancre- 
atitis and a penetrating ulcer He w’as given little by mouth and daily deep roentgeno- 
therapy of 75 r for three days After 24 hours the pain largely subsided The tempera- 
ture returned to normal in 36 hours The blood amylase steadily fell to normal in five 
days On the fifth day, the pain w’as practically gone, and a barium meal show'ed a 
normal stomach and duodenum He insisted on discharge on the sixth day A gastro- 
intestinal series, ten days later, show’ed slight irritation near the duodenal cap He re- 
turned tw’o w’eeks after discharge w’lth moderate epigastric pain The temperature w’as 
384° C, W’hite blood count 9,000, and am}lase 270 There w'as tenderness deep in the 
epigastrium, w'lthout spasm He refused admission When last seen, three w’eeks after 
discharge, he w’as having no pain and w’lshed to be returned to the care of his physician 
Clinical Diagnosis Acute edematous pancreatitis 

Case 7 — Hosp No 157,882 G S , female, age 69, was admitted to the hospital, com- 
plaining of epigastric pain and jaundice There had been repeated attacks of right upper 
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(|uadraiit paiii with subscapulai radiation for three months On the day before admission 
she began having constant, severe epigastric pain Examination showed an acutely ill, 
jaundiced patient with a temperature of 40° C There was diffuse epigastric tenderness 
more marked on the right side The white blood count was 7,500, icteric index 30, 
and blood amylase 450 The diagnosis of chronic cholecystitis with cholelithiasis, com- 
mon duct stone, and secondary pancreatitis was made This was confirmed at operation 
four davs later, at which time her general condition was improved and the initial 
prothrombin tunc of 55 seconds reduced to 20 seconds with vitamin K The blood 
amylase on the dav of operation was 100 and remained within normal limits during her 
stormy convalescence 

Case 8 — Hosp No 57^^89 J B , female, age 52, was admitted to the hospital, com- 
plaining of high abdominal pain which also invohcd the left chest, shoulder and arm 
This began suddcnl> the morning of admission, and was associated with nausea, vomiting 
and diarrhea A similar pre\ious attack, 18 months before, had been diagnosed possible 
angina pectoris Her onl> cardiac s\mptom was exertional dyspnea A cholecyst ostomy 
had been performed 18 years ago at another hospital At the time of admission, left 
upper quadrant and epigastric tenderness was present The white blood count was 
10,500, blood amylase 540, and nine da>s later 80 She was discharged after an ir da>s’ 
stay during which time an oral cholccystogram showed a nonfunctionmg gallbladder 

Case 9 — Hosp No 157,965 L S , female, age 54, was admitted to the hospital, 
complaining of right upper quadrant pam radiating to the subscapular region This 
was her third and most severe attack Continuous nausea was present She was acutely 
ill with a temperature of 40° C , pulse 120 There was upper abdominal tenderness, more 
marked on the right side White blood count 7,400, icteric index 48, and amylase 400 
On the second daj the amylase was 60 At operation, on the fifth day, the gallbladder 
was found filled with stones There w^as marked edema over the common duct which 
contained a stone at the ampulla The pancreas was normal to palpation Her con- 
valescence was uneventful 

Case 10 — Hosp No 55,939 E L, female, age 59, w^as admitted to the hospital 
complaining of attacks of pain betw^eeii the shoulder blades and on the right side of the 
abdomen She gave a gallbladder historv of one year's duration, wnth much pam dur- 
ing the two weeks preceding admission when jaundice became apparent At the time of 
admission she was m no distress The skm was shghtl> icteric The liver edge was 
palpable The icteric index was 30, white cells 10,300 On the following day she was 
suddenly seized with right costal and subscapular pam The blood amylase was 400 
Cholecystectomy was performed and several small pieces of gravel removed from the 
common duct The head of the pancreas contained several rubbery nodules Her con- 
valescence was uneventful Three da>s after operation the blood amylase w^as 150 

Case II — Hosp No 157,530 G Af , male, age 63, was admitted to the hospital, 
complaining of a biliary fistula of six months’ duration It was learned from his sur- 
geon that carcinoma of the pancreas or bile ducts was suspected at the tune of opera- 
tion, but no mass was palpable Previous to admission liere, he had had a heavy feeling 
in the abdomen following meals but no vomiting Examination showed obvious w^eight 
loss, and slight anemia, but no jaundice There w^as a firm mass m the right upper 
quadrant A gastro-intestinal series show^ed almost complete duodenal obstruction The 
icteric index was 12, amylase 400, and one week later was 80 At operation a hard 
tumor was found lu the duodenum, and the right upper quadrant was infiltrated with car- 
cinoma A gastro-enterostomy was performed The patient died four days later from 
Type 19 pneumonia Autopsy was refused 

Case 12 — Hosp No 134, 723 E AI , male, age 33, was admitted to the hospital, 
complaining of upper abdominal pain beginning three days before admission and increas- 
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iiig in seventy He was unable to retain food He had been pieviouslj diagnosed as ha^- 
nig cholecystitis, duodenal ulcer, renal stone, nephritis, and was a known alcoholic The 
temperature was slightly elevated The abdomen showed generalized tenderness with- 
out spasm and referred rebound pain to the epigastrium White blood count 14,000 and 
25,000 , blood am\'lase 360 , and icteric index 30 The urine contained albumin and a 
few' w'hite cells The pain subsided In three dajs the am3'lase was 100 He w'as shown 
to have a nonfunctioning gallbladder, dilated right ureter, and impaired liver and kidnej 
function He w'as discharged to be follow'ed w'lth conservative therapy 

It IS claimed that the blood amylase test is given for only a transient pei lod 
in the seveie, hemorihagic, necrotic foims of panel eatitis We have not had 
sufficient expel lence to verify 01 deny this If it be so it is unfortunate The 
clinician ceitainly needs some assistance to airive at the coriect diagnosis in 
these individuals 

In a given case we make every effort to arrive at the diagnosis by a care- 
ful history and the ordinary methods of physical examination Blood is taken 
for transfusion matching, for icteric index if indicated, and for the amylase 
test If perforated ulcei is suspected, roentgenograms may demonstrate fiee 
air in the abdominal cavity If obstruction is a possibility, a roentgenogram 
ma}' show the offending loops Coronary occlusion should give some changes 
in the blood pressure , or electrocardiograms should be helpful If all these 
examinations reveal nothing significant, the amylase test may be helpful in 
arriving at the correct diagnosis Abdominal paracentesis has been advocated^ 
and may be of assistance The fluid recoveied by aspiration may be opalescent, 
bloody, bile tinged, or serous We suggest that an amylase test on this fluid 
may be diagnostic In cases where drainage of the pancreas for pancreatitis 
has been performed in our clinic, we have found that the fluid gives high 
amylase test values 

Tieatmeiit — There is a wide difference of opinion as to the proper treat- 
ment for acute pancreatitis Most suigeons agree, however, that acute pan- 
creatic abscess should be drained Drainage can be effected through the 
gastrocolic omentum, the gastrohepatic omentum, the foramen of Winslow 
or retropei itoneally in the lower flank 

The acute, fulminating, hemorrhagic, necrotic type has had a high mor- 
tality m the past from immediate operation Some suigeons claim that they 
would not operate upon this foim if they could be suie of then diagnosis The 
fear of acute perforation of a viscus or strangulation of the bowel causes them 
to explore The difficulty in diagnosis will undoubtedly lemam and patients 
will continue to have explorations for these acute abdominal emergencies 

It would seem wise to take time to get these patients into the best possible 
condition before operation Shock should be adequately treated and fluid 
balance restored In the veiy ill patients, the most simple suigical tieatment 
will be all that should be undei taken If jaundice is piesent, drainage of the 
gallbladder 01 common duct may be employed to advantage The pancreas 
should be disturbed as little as possible because it cannot be drained by spht- 
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ting- the capsule as formeily advocated The organ is crisscrossed by connec- 
tive tissue pai titions so that it is made up of many sepai ate chambei s Incision 
into It leads to hemoiihage, necrosis, and is damaging The pin pose of 
diamage is to establish sinuses and to wall-off the general peritoneal cavity 
from the extension of the secretions The secretions are thus led out to the 
sin face Neciotic tissue can be extiuded along these same diamage tracts 
Large pieces of neciotic pancreatic tissue have been sequestrated in this 
mannei The diains should be placed against the sin face of the pancreas aftei 
(he peritoneum ovei it has been greatly spread apart oi incised 

Compaicitive statistics from seveial clinics show that there is a decided 
advantage in inoitality when opeiation is delayed instead of being carried 
out immediately Neveithelcss, theie is a mortality from delayed surgical 
treatment which must be expected in any senes Some of our patients have 
been too ill for opeiation and could not be rallied sufficiently to make it possi- 
ble There will also be a mortality fiom missed perfoiations or strangulations 
if a waiting policy is adopted m these severe abdominal catastrophes This 
must not be discounted 

In the mildei foims of acute pancieatitis as lepresented by the edematous 
variety, the am3dase test is the most useful The suigeon can be fairly sure 
of his diagnosis He can watch these patients to advantage, being guided 
by the amylase leadings The suigeon w'lll be on the alert to detect the 
edematous panel eatic tissue wdiich he might easil}'’ miss without a signpost 
There is a tendency foi this foi m of panel eatitis to subside in most instances 
After the subsidence of the attack exploration of the common duct with drain- 
age for some weeks is usually all that is necessaiy to cure this condition^ 

We have been interested in the analogy betw'een acute pai otitis and acute 
edematous pancieatitis The amylase test gives elevated readings in each of 
these conditions It seemed to us that if the acute pai otitis had such a re- 
markable response to small roentgen lay tieatments,^ the same might hold 
for the pancreas Consequently, w^e have tried this treatment cautiously in 
several cases The effect appears to be satisfactorj^ have used 50 ^ 

and 100 1 units measuied m an through twm poitals foi a total dosage of 
250 r— 450 1 units Dr Andiew^ Dowdy has collaborated wnth us in this work 
The effect is probably due to some chemical change in the body fluids It 
IS possible, however, that it may be due to tempoiar)'’ inhibition of the gland 
Certainly, a small tieatment over the sahvar)'^ glands often causes diminution 
in secretion This, in effect, puts the gland at lest If so, it is good therapy 
for any infection W e believe that roentgenotherapy may shoi ten the attacks 
but we offer this only as a suggestion without adequate pi oof as yet 
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Discussion — Dr Roy D McClure (Detioit, Mich ) It is inteiesting to 
note that the laboratoi}^ again has come to 0111 aid in the eaily diagnosis of such 
an obsctiie condition as acute pancieatitis As Doctor Moiton pointed out, 
it is only by prompt, accuiate diagnosis that one avoids the tiagedy of ovei- 
looking peiforations of the stomach 01 gallbladder, such as occurs when 
physical diagnosis alone is lelied on Doctor Moiton did not mention dis- 
coloration of the subcutaneous tissue around the umbilicus or in the flank as 
a diagnostic sign in acute pancreatitis 

The value of the sign has lecently been stressed by Dr Laurence S 
Falhs, of our Surgical Staft at the Heniy Ford Hospital, m a published report 
of three cases (Falhs, L S Cullen’s Sign in Acute Pancreatitis Annals 
OF Surgery, 106, 54-57, 1937 ) A positive sign is represented by ecchymotic 
areas surrounding the umbilicus or in the flanks When the discoloration is 
111 the periumbilical legion, the condition is known as Cullen’s sign, because 
he uas the first to report it, though his observations were confined to cases 
of ruptured ectopic gestation Gre3’--Tuiner, m England, has described 
ecchymosis of the flanks in acute pancieatitis, thus the sign is known as 
Grey-Tui ner’s sign when it is seen in the flanks The phenomenon is due 
to extraperitoneal extravasation of the products of pancreatic necrosis The 
spread may be limited to the flanks or may continue forward until it meets 
obstruction from the round ligament of the liver, when the tendency is for 
the fluid to track downward and pool in the subumbilical space We have 
noted the sign on four occasions, twice in the flank and twice at the umbilicus 
A strong light is necessary for its recognition and it is likely the sign is often 
unrecognized because m one of oui cases it was not until the patient’s abdomen 
was exposed to the stiong operating room light that the discoloration was 
noted 

The speaker then showed a colored slide on the screen, vliicli demon- 
strated the discoloiation in the flanks — a positive Grey-Tuiner sign This 
patient had been ill for a week with an obscure upper abdominal condition, 
and It was not until this sign appeared that the diagnosis was evident 

Dr Irvin Abell (Louisville, Ky ) Since the publication of my papei, 
which Doctor Moiton quoted, we have had foui additional cases of acute pan- 
creatitis The death rate still stands at nine, m a total now of 34 One 
clinical point in addition to those mentioned by the essayist which would possi- 
bly lead one to suspect the pancreas, is the history of gallbladder disease This 
has been obtained in 28 of oui 34 cases, 24 showing the presence of gall- 
stones Whether, as claimed by some, acute pancreatic edema is a clinical 
entity is open to dispute My personal opinion is that edema, pancieatic 
necrosis, with or without hemorrhage, and pancreatic abscess are but parts of 
the same process, the diagnosis of each, as such, depending upon the time 
it IS seen In my paper I cited nine cases of pancreatic edema, all of which 
recoveied, there were, however, three additional cases 111 which at the time 
of operation a diagnosis of pancieatic edema was made, all three died, one 
on the third, one on the sixth and one on the ninth day, autopsy, in all, 
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showing panel eatic neciosis It is possible that the trauma of operation 
activated the piocess, but I am of the opinion that we were dealing with the 
fiist stage of what ultimately became a pancreatic neciosis In ten cases, 
obseived befoie 1925, an effort was made to dram the pancreas, going so far 
in two instances as to make incisions in the pancreas for this purpose We 
had but one death in this group, and I think we were rather fortunate, m 
view of what we have since learned of the disease Since 1925, such drainage 
as we have employed has been along the line laid out by the essayist in an 
effort to bung the ferment-laden fluids to the surface, rather than leave them 
in the abdomen 

I think all will agiee that no operation upon the panel eas will lessen the 
ti}'ptic digestion of the organ, and, hence, the less that is done to the pan- 
el eas itself, the better for the patient We have had but two patients tieated 
medically, in which the diagnosis was acute pancreatitis , one died and one 
lecovered No autopsy was permitted, consequently, I am unable to say 
whethei the diagnosis was 01 was not correct In patients subjected to 
opeiation, the diagnosis m 14 was acute pancieatitis, m 14, acute cholecystitis, 
and m the leinammg six the diagnosis was divided between peptic ulcer and 
a high obstruction The utiliration of such a test as that mentioned by the 
essayist for amjdase should produce a greatei percentage of coriect diagnoses, 
the amylase reaches an abnormal level m the blood within six to eight hours 
after the onset of an acute pancreatitis, and persists for from 60 to 80 hours 
at an abnoimal level, following which time it gradually returns to normal 
The blood lipase does not reach an abnormal level for three or four days 
after the onset of the acute condition, and persists for a longer period of tune 
The difficulties m leachmg a collect diagnosis are such that I quite agree 
with the essayist in his statement that without exploration patients will be 
sacrificed who otheiwise might be saved Theie are certain indications which 
in the presence of an acute pancreatitis seem to me to demand operation 
namely, an enlaiged, palpable gallbladder, the piesence of jaundice, the pres- 
ence of fluid m the lesser omental cavity, and the detection of a mass at the 
site of the pancreas I will go still fuither m my belief that drainage of the 
gallbladder is of benefit m the treatment of acute pancreatitis Not infre- 
quently, the gastrohepatic omentum is edematous and affords obstuiction 
to the biliarj'^ tract, at times the enlaigement of the pancieas offers the same 
difficulty, and drainage m such cases is helpful Three patients in our series 
have previously recoveied from an acute pancieatitis, and m all thiee, the 
diseased gallbladder may have been a factor in pioducmg the second attack 
Such an obseivation would indicate that following lecovery from acute pan- 
creatitis it IS well at some subsequent date to coi 1 ect any remaining pathology 
111 the biliaiy tiact 


Dr George G Finney (Baltimoie, Md ) At the Union Memoiial Hos- 
pital, m Baltimore, we have had 21 cases that would come under the classi- 
fication of acute pancreatitis At most we liave diagnosed two correctly 
from a clinical standpoint, and I am not sure about them Of couise, pan- 
creatitis had been mentioned, but I do not think the diagnosis was certain 
enough to base a suigical pioceduie on it There were nine deaths, making 
a mortality of 428 pei cent Treatment has been quite uiiifoim in all cases, 
namely, immediate opeiation, except foi the usual administration of fluids, 
and geneial supportive measures that weie indicated first In all cases, the 
gallbladder has been diamed and also the region of the pancreas, but, so lai 
as I could tell, in no case was panel eatic tissue incised In one of my own 
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cases, the patient had an acute hemorrhagic pancieatitis Beginning on his 
fifteenth day postopei atively he was afebiile, and was allowed out of bed on 
his twenty-third day On the evening of the twenty-fifth day, he suddenly 
died, and autopsy revealed he had had a massive pulmonary embolus It 
w’’as also showm that fully foui -fifths of his pancreas w^as completel}’- necrotic, 
with a retroperitoneal abscess some five by seven inches m size, and it seemed 
almost inci edible that the patient could have been afebrile and apparently 
clinically well In the light of these findings, it seemed questionable wdiether 
he was really benefited by the usual piocedure of operation Any help Ave 
can get m the diagnosis of these cases along the lines suggested by Doctoi 
Morton should be of great benefit 

Dr John J Morton (Rochester, N Y, in closing) I Avant to thank the 
discussers for the very faAmrable leception of this paper I knoAV that it is a 
contioA^ersial subject and did not expect to get as much agreement as I have 
had We hope Ave aie going to be able to make our statistics compare favor- 
ably AAUth others The mildei forms have not been included in my pievious 
paper The cases reported there Avere all severe Some had fat necrosis of 
the pancreas and some died Avithout aii}^ hemorrhage ^Ve have postmoitem 
examinations to prove these statements 
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The raritv of these tumois and their very unusual life histoi}'^ seem suffi- 
cient justification to lepoit a single case Then endocrinology is the most 
inteiesting factor in then history, though probably not tbe most impoitant 
Hoivevei, the thought that a tumoi can aiise from the ashes of a biiined-out 
ovaiy, as it weie, and build itself up fiom these ashes until it assumes some 
of the complicated functions of the oiiginal ovaiy is most intriguing 

This tuiiioi was fiist desciihed by Rokitansky,’’ m 1855, and latei by 
von Kahlden,^ in 1S95, but much confusion has geneially existed as to its 
oiigiii and its possible malignant natuie 

The name “Granulosa cell tumor of the ovaiy” was proposed by von 
Werdt,’’ in 1914, and has been widely adopted Theie are now about 300 
01 moi c granulosa cell tumors of the ovai y on 1 ecoi d, and thei e may be many 
uniecoided cases Out of 400 solid tumois of the ovau'’ examined at the 
Mayo Clinic,^ 30 gianulosa cell tumois were found 

The literature of this tunioi has been uiitten mainly 111 the last 15 yeais 
In this counti)' it has been contributed to largel)'^ by Novak, Dockeity and 
MacCarty, Tehnde, Bland and Goldstein, Schattenberg and Hams, and many 
others In 1937, Piatt’ made a complete leview of the liteiatuie up to that 
date, and lefeience is fieely made heie to his lepoit It was the intention of 
this papei “to con elate the clinical and histologic pictuies of this tumor and 
undeitake to show that it can, m most cases, be diagnosed befoie operation ” 
This seems a veiy impoitant objective, since uteiine bleeding may result 
from othei tyjies of ovaiian, as veil as uteiine disease We aie all “cancer 
minded,” and any lesion, pioducmg bleeding out of time, is of utmost in- 
tei est 

No age, it seems, is exempt fiom the development of these tumois Cros- 
sen and Ciossen- point out that the “islands of embrj'onic sex cells or ‘cell rests 
may, at anj'^ age, begin to giow and function, causing symptoms of exces- 
sive ovaiian activity In childien, the excess estiin secieted by these tumors 
causes precocious pubei ty, the child matin mg sexually at an early age Men- 
struation may appeal at two 01 thi ee j-^eai s of age, with secondary sex charac- 
teristics, such as enlaigement of the bi easts and the appearance of pubic han 

^ Read at the Fiftj -second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , Decembei 5, 6, 7, 1939 
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The mental age and activities of the child are not in advance of its years In 
cases in which the tumoi does not begin until adult life, when the woman is 
already menstruating, the symptoms aie frequently masked There may be 
an increase m the amount of menstrual flow, but nothing else to indicate the 
presence of such a tumoi Occasionally, theie are periods of amenorihea 
mterspeised with peiiods of menoirhagia After the menopause, between 40 
and 50 or 50 and 60 yeais, the tumor is likely to cause return of menstruation 
or prolongation of it, if the tumor becomes active before menstruation ceases 
entirely ” 

Novak'^ has pointed out “that the cells of the gianulosa cell tumor pioduce 
an excessive amount of follicular hormone, which gives rise to endometrial 
hyperplasia and uterine bleeding When these tumors occur m elderly women, 
far past the menopause, there is bi ought about a sexual and genital rejuvena- 
tion due to the estrm produced by the neoplastic cells The breasts and the 
external genitals hypertrophy, and pseudomenstruation sets m ” 

The diagnosis of this condition is not always easy Good authorities be- 
lieve that about i per cent of ovarian tumors associated with uterine bleeding 
m elderly women may be granulosa cell tumors of the- ovary, provided neo- 
plasm of the cervix and utei me body can be ruled out It is also assei ted that 
a tremendous amount of estrm is elaborated by these tumors m all age gioups 
and can be demonstrated m the blood and urine, but, apparently, the estima- 
tion of estrogenic substances m the blood and urine has not often been done 
prior to operation 

In this connection, it is well to remember that a malignant tumor associ- 
ated with granulosa cells might produce the same blood and urine test results 
Also, during the active peiiod of sexual life, it will be necessary to rule out 
ectopic pregnancy A diagnostic curettage m an elderly woman, if it reveals 
cystic hyperplasia of the endometrium, indicates that granulosa cells are at 
least associated with any ovarian tumor present It would seem that, in a 
woman who has long since passed the menopause, a flow of menstrual-like, 
dark, liquid blood might fuinish the first clue to a diagnosis, especially if 
theie should appear to be some peiiodicity to the flow 

In our case, menstiuation ceased at the age of 40 and returned at 54, 
there being a period of complete amenorihea of 14 years , its return was pain- 
less, surprising, and in the midst of the best health the woman had ever en- 
joyed She stated that during the first postmenopausal flow, she experienced 
the same sensations she had at menstiual time in her early life, except that, 
being “cancer minded,” she was terrifically frightened 

To our personal knowledge, this patient had had an ovarian tumor, thought 
to be a cyst of the right ovary, for more than 1 5 years it was present for at 
least one year before the cessation of normal menstruation and for 15 years 
prior to the first postmenopausal flow It was, therefore, present 15 years 
before it functioned as a granulosa cell tumor, or 15 years after it was origi- 
nally discovered by one of us (F L B ) 
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These tuniois seem to be definitely malignant at times, while in other 
cases they seem to be clinically nonmahgnant In many instances, they 
seem to occupy the ovaiy with some othei tiimoi, while in othei cases the 
gianulosa cell tumoi fills the ovaiy entuely 

The typical gianulosa cell tumoi is described'^ as ''an encapsulated growth, 
the capsule being smooth, firm and fibious It is not adheient to the sur- 
lounding structuies The capsule may vary in thickness in different places 
The tumoi is not, as a rule, lobulated The blood supply to the tumor is 
iich, and laige vessels may be seen upon its suiface On section, the tumor 
IS found to be of solid, soft consistency, oi, more commonly, partly solid 
and paitly cystic The color of the tumoi is often blight yellow, about the 
coloi of a ripe coipus luteum Some tumoi s have a pinkish, flleshy color as 
desciibed by Telmde Our case confoims to tins description in practically all 
details, and we aie disposed to legaid it, theiefore, as being clinically non- 
malignant 

Case Report — M H, white, female, age 54, married, has two children, ages 21 
and 27, both living and well She was married at the age of 22 She was operated 
upon between the births of the children A uterine suspension vas performed, the left 
ovary resected, and perineal and cervical lepairs were made At the birth of the 
second child, the lacerations were reproduced, but the cervix was never repaired Men- 
struation began at tlie age of 12, continued to be normal after the operation, and ceased 
at the age of 40, but she did not have any of the nervous, mental, or vascular s}mptoms 
usually accompan3ing “the cliange” and had often “wondered w^h} “ 

On August II, 1938, a painless \aginal flow of blood appeared This was ac- 
companied by swelling of both breasts and nervousness, wdiich w^re the s>mptoms she 
had experienced at menstrual time in earl> life, and she thought, also, that the blood 
“looked exactly like niensti ual blood “ On examination, clsewdiere, two small ulcers 
were found on the borders of the old cervical laceration At a subsequent examination, 
two small ulcers were found on the borders of the laceration, but the> w^ere not bleeding 
and appeared to be simple ulcers resulting, probabl>, from exploded cervical cysts In 
the right ovarian region, there was found a round, elastic, freely movable tumor, thought 
to be a C}st It was about the size of a baseball The uterus was thought to be a little 
larger and a little softer than usual for one of her age This o\arian tumor was known 
to have been present 15 years or more and was not thought to have Siny connection 
with the bleeding 

The ulcers, wdnch w^ere small, round, superficial, and not indurated, w'ere widely 
excised with all scar tissue, and the cervix w^as repaired The uterus was curetted as a 
precautionary measure 

The pathologic report of the cervical tissue and the uterine scrapings was negative 
for malignancy, and it was considered a “cvstic degeneration of the cervix “ 

In about six weeks from the time of this operation, a painless, bloody uterine flow 
again came on This flow again resembled menstrual blood and was accompanied by 
such symptoms as she had experienced in early menstrual life An examination now 
revealed that the cervix was soundly healed, and a slight, painless menstrual-like flow was 
exuding fiom the cervical canal It was now thought that the curette had missed some 
pathologic lesion in the uterus, or tint the ovarian tumor was the cause of the bleeding, 
and the complete removal of the uterus and adnexa was undertaken 

At operation, the uterus was found to be a little larger and a little softer than we 
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would have expected and was not atrophic On the fundus was a small subserous 
fibroid The left ovar}^ had been removed at former operation The right o\ar3^ was 
about the size of a baseball, was elastic, freely movable, showed no evidence of ad- 
hesions, was completely encapsulated, showed a uniform, bright, pinkish-j ellow color 
through the capsule, and was suspended by a short, flat, divided pedicle from the 
broad ligament 



Pathologic Exaimnaftou — Gioss Dr A H Braden “The ovar}** measures 6x7x6 cm 
and IS well encapsulated There are laige vessels coursing over its surface The tube 
IS separated from it with difficulty (Fig i) The tumor is elastic, and, upon section, is 
a lemon-yellow color The cut-section has some evidence of lobulation and a tendency 
to bulge (Fig 2) 



“Microscopical!}, sections of the ovar} show solid alveoli surrounded b} a basement 
membrane The cells have characteristic appearance The cytoplasm is granular, and 
the cells have a somewffiat spindh appearance (Fig 3) This tumor is regarded as of 
low^ mahgnanc} 
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1 he uterus measures 8x6x5 cm The wall is thick and fibrous and the endometrium 
IS more or less atrophic (The uterus had been thoroughly curetted six weeks before ) 
TJie endometrium showed gland acini to be rather scant and with some irregularity 
as to size and shape The endometrium did not show hyperplasia, but the gland acim 
did show evidence of follicular hormone activity (Fig 4) 

Pathologic Diagnosis ~Fo\\icu\omR, or granulosa cell tumor 



Tig 3 — Pliotomicrognph of the o\arian tumor 
shouinff the pranulosa t>pc cells arnriged in places to 
form small cjsts 



Fig 4 — Photomicrograph of the endometrium Note cjstic 
changes m glands which ^re lined with ciliated columnar 
epithelium, the picture indicating follicular hormone stimulation 


Comment — typical gianulosa cell tumoi of the right ovary is presented, 
wheiein the light ovary had been known to be the site of a tumor for at least 
one year pnoi to the cessation of noimal menstuiation and for at least 14 
years, thiough a period of complete amenoiihea, prior to the postmenopausal 
bleeding 

The uterus was slightly enlarged and slightly soft and was not atrophic 
The endometrium pieseiited the, so-called, Swiss cheese appeal ance 

After the removal of the tumoi she suffeied the usual climacteric symp- 
toms — occasional headache, nervousness, hot flushes and frequent perspiration 
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An additional instance of this pathologic condition is herewith presented, 
thiough the courtesy of Dr A O Singleton, of Galveston, Texas 

Case Report — Dr A O Singleton G W K , white, female, age 51, widow, 
mother of two children ages 16 and 18, both of whom are living and well, was admitted 
to the hospital because of postmenopausal bleeding in June, 1939 The menstrual historj' 
obtained at that time was that menstruation began at the age of ii with 28-day intervals 
and of four to six days’ duration It was regular up to the age of 45 Then it became 
very irregular as to time and duration, until there w'as a complete amenorrhea lasting 
tw'O years It then returned and was again very irregular until it became almost con- 
tinuous, when she w'as sent to the hospital for curettement This was performed, and a 
microscopic diagnosis of endometrial hyperplasia w'as made 

About one month later, she w'as admitted to the Surgical Service for operation upon 
the colon, and, during the progress of this operation, a solid tumor of the left ovary 
was found and removed 

Pathologic Examinahon — Micioscopic Dr T G Blocker, Jr “The section re- 
veals a remarkably uniform picture of cylindroid shells and cords of anaplastic epithelial 
cells intertwined with young fibrous tissue The nuclei of the epithelial cells are regular 
m size and in shape, but as a wLole they are elongated and vesicular with moderately 
sized nucleoli The fibrous tissue, quite cellular itself wuth large nuclei, appears to have 
formed secondarily to the neoplasia resulting in more or less self-encapsulation process 
There are no pseudofollicles formed ” 

Giossly, the specimen was covered by a serous endothelial membrane Was firm 
and nodular It measured 6x5x4 cm There was slight tendency to lobulation and it was 
pinkish-yellow in color Pathologic Diagnosis Cell tumor of the ovary — cylindroid 

We would theorize, if we may, that, perhaps, the case we report did not 
have a complete and noimal menopause except as to the cessation of menstru- 
ation, that there was, for 14 years, sufficient estiogemc hormone stimulation 
to prevent atrophy of the uterus and endometrium but not sufficient to pro- 
duce mensti uation, but, when this estrogenic function reached a certain matui ity 
or, perhaps, a certain balance of power, menstruation was resumed 

We wish to thank Dr A H Braden, Dr Paul Brindley, and Dr Truman Blocker, 
Jr , for their assistance in preparing this paper 
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Discussion — Dr S L Ledbetter, Jr (Birmingham, Ala ) I have never 
seen a patient with a gianulosa cell tumor, but have been very much interested 
m ovarian tumors associated with secondaiy sex changes since operating upon 
a patient with an ai rhenoblastoma My attention was first called to this sub- 
ject by leading the article by E Novak and J H Long, published in the 
Journal of the American Medical Association, September 30, 1933 One 
week later I saw the patient with the arrhenoblastoma This has been re- 
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poitecl in detail b}' McLester in the Ai chives of Internal Medicine, s?, 77'?- 
786, Apnl, 1936 

I fiist saw this patient with Doctoi McLestei in Octohei, 1933, and I 
am quite sine that we would not have lecogni/ed the disease had it not been 
foi Novak’s aiticle This patient was a young woman, age 32, with a history 
of seven jn egnancies — five full teim and two miscaiiiagcs The youngest 
child was hoin in Maich, 1930 She mused the child foi several months, 
and menstiuated on the fouith and sixth months after the hiith of the child, 
and then stopped menstiuating Shoitly afteiwaid she noticed that she tiied 
easily, began to lose weight, began to develop a heard, and to assume male char- 
acteiistics On examination we found tliat hei voice was husky, she had a 
male type of figure, quite a heavy heaid, so much so that it required daily 
shaving, a clitoris almost as laige as the little finger, hair on the legs, male 
type of puhic haii , and a large tumoi of the light ovaiy, the size of a 
gi apefiuit 

At opeiation, ne lemoved a tumor of the right ovaiy On the left side, 
coming off the bioad ligament, theie was anothei tumor of the same character, 
but much smallei , being about 2 cm in diameter The left ovar}"^ was fihi ous 
and smallei than noi mal 

The patient made an uneventful 1 ecovery , and began to mensti uate exactly 
29 days following the operation Aftei ten days, her voice began to cleai and, 
at the present time, it is perfectly noimal except when singing, when it is apt 
to hieak She has increased in weight, the hi easts are moie normal, theie is 
very little ban on the legs, shaving is not necessary, and mensti nation is 
noi mal 

Dr Albert O Singlet ox (Galveston, Tex ) I might say this patient 
Doctoi Baines lepoited had been thiough the Gvnecologic Depaitment, and 
they seal died for the cause of the menstrual flow She w^as lefeiied to suigery 
for maiked piolapse of the rectum We were not particulaily interested in 
the gynecologic side and w'ere performing an intra-ahdominal operation for the 
cure of the prolapse, wdien this tumor w'as obseived and lemoved The men- 
strual flow has not occurred since the tumor w'as 1 emoved 

Dr Frank L Barnes (Houston, Tex, in closing) I enjoyed Doctor 
Ledbetter’s discussion and also his 1 epoi t of his case I know' very little about 
these tumors The one I lepoited w'as one of my surgical sui prises and I 
thought piobably if I had anothei I could diagnose it wnth one operation 
instead of tw'o 
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Experimental work on such animals as the labbit has demonstiated that 
the coipus luteum is essential to the maintenance of piegnancy during the fiist 
two or tin ee months Expei iments on monkeys, reported by Cai 1 Hai tman,^ 
tended to show that piegnancy could be maintained in these animals when 
ovariectomy is peifoimed some time aftei nidation How soon aftei nida- 
tion, howevei, the coipus luteum lemams indispensable foi the maintenance 
of piegnancy has been determined for only a few mammalian species The 
piegnant rat, mouse, oi labbit, foi example, almost invaiiably aborts after 
castiation In man the matter is undei dispute Fiom the hteiature, many 
cases can be cited m which aboition was seen to follow lemoval of the coipus 
luteum, while theie lemam positive cases m which castiation did not mteifeie 
with piegnanc}^ 

Paul N Leech, secietary of the Council on Phaimacy and Chemisti}^ of 
the A M A , stated in a letter, dated July 25, 1939 “It is well-known at the 
piesent tune that the removal of the ovaiies aftei the thud month of preg- 
nancy 111 the human does not usually inteiiupt the piegnancy S A AsdelP 
has collected from the htei atm e a sei les of cases in which the ovai les were 1 e- 
moved dm mg piegnancy, and he found that most of the pregnancies proceeded 
in the usual fashion 

“Most authorities agree that the placenta takes over the function of the 
ovaries at this tune and elaboiates the vaiious hormones wdiich aie normally 
found in pregnancy The piegnandiol excietion of a piegnant castrate was 
found to be 1101 mal, wdiich indicates that the placenta was elaboiating a normal 
amount of piogesteione It, theiefoie, seems likely, accoidmg to endocrinol- 
ogists, that pf ogestei one adnuwstratwn is not necessaiy m the zvonian who has 
had her ovaries lemoved after the thud month of pregnancy The estiogemc 
and gonadotropic substances are also found m undiininished amounts m the 
mine following lemoval of the ovaiies 

“It IS also known that ovaiiectomy m monkeys, aftei the eaily stages of 
piegnancy, does not, in most cases, interfeie wuth the piegnancy (Hartman) ” 

Di Viigil S Counsellor of the Mayo Clinic, in reply to an inquiiy, says 
“It is quite geneially agieed that the corpus luteum’s imperative Aalue is dur- 
ing the hist tno months of piegnancy, and its value decreases as piegnanc}’’ 

* Read by title before the Fifty-second Annual Meeting of the Southern Surgical As- 
sociation, Augusta, Ga , December 5, 6, 7, 1939 
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advances He i ecommends piolnton (piogestin derivative of corpus luteum) 
if there seems to be any irritation of the uteuis and threatened miscarriage 
Dr Emil Novak, also in reply to a letter, says “It is now quite clearly 
established that the corpus luteum, so indispensable in the maintenance of 
early pregnancy m such animals as the labbit, is ceitainly not indispensable 
in the human female ’’ He thinks, howevei , that it is advisable to use pro- 
gesterone aftei the opei ation dui mg the first half of the pregnancy 

Dr Richard W Telinde states “I do not know of any case, in the litera- 
ture, in which pregnanc}^ has gone to teim (in the human) after removing the 
ovaries as early as the second month There are a good many cases leported 
that have gone to teim later, and the eailiest one that I have ever heard of 
was at the end of the thud month ” Eiss^ leports a case of a woman four 
months pregnant, in whom both ovaiies weie removed, followed by normal 
delivery of a live baby at term 

Case Report — M E T, female, age 34, married 15 3^ears, para +, was admitted 
to the Medical and Surgical Memorial Hospital, June 20, 1939, complaining of severe 
pain in lo\\er abdomen with pressure on the bladder and rectum, frequent urination, 
distention, nausea, and vomiting In 1929 (ten >ears ago), the right tube, ovar}^ and 
appendix were removed Eight 3 ears ago her onl} child was born She has had no 
other illnesses Her menstrual histor} is negatue, last menstruation, April 9 to 14, 
since which time she has shown all the signs of pregnancy On June 16 four dajs 
before admission to the hospital, she was seized with a se\ere pain in her pehis and 
left lower abdomen, accompanied by nausea and vomiting 

Physical Evaminaiion — Temperature 100° F , respiration and pulse normal, WBC 
11,200, neutrophils 90, Wassermann negatnc, Aschheim-Zondek positive, urine negative 
except for trace of albumin 

Her abdomen was distended She was tender and rigid in the left lower quadrant 
On pelvic examination, a laige, tender, fixed mass in the left side of the pelvis w^as 
found Uterus was about the size of a tw^o months^ pregnanc^ 

On June 20, under general anesthesia, the abdomen was opened in the midline A 
considerable amount of free, blood-tinged fluid was found The uterus w^as about the 
size of a two months’ pregnanc} The right tube and ovar^^ were absent The left tube 
and ovary, which were black and gangrenous from torsion, w^ere removed 

The pathologic report showed the ov^ary to be 9x6 5x4 cm , and both it and the tube 
showed marked congestion, hemorrhagic infiltration, and early, moist gangrene The 
corpus luteum of pregnancy is seen on gross-section This measured 18 Mm at its 
longest diameter The central part showed cavitation, the cavit}^ being filled with bloody 
fluid The patient made an uneventful recovery 

Progestin, i cc , w’^as started on the second postoperative day, and continued every 
other day for several weeks There were nev^er any s^nnptoms referable to absence 
of ovarian hormones The patient often complained of dizziness and nausea after the 
injection of the progestin The progestin w^as discontinued at the end of the fourth 
month On January 8, she was delivered of a normal, eight pound, male child Both 
mother and child are m good condition 

This case is intei estiiig chiefly because of 

(i) The general impression that aboition is almost ceitain to result from 
the loss of both ovaiies during piegnancy, especially during the first thiee 
months 
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(2) The almost univeisal belief that the pregnant woman is a poor surgical 
risk for abdominal and pelvic operations Barring bad technic and infection, 
there is no reason why a pregnant woman should be a bad risk 

(3) The theory that it is necessary to give progestin to balance the loss 
of the ovarian hormone during the remainder of the pregnancy We are not 
sure that it is necessary to give progestin, and if it is necessary, it is impor- 
tant to know the amount requiied and ^\hether overdoses may not do more 
harm than good Zondek^ has demonstrated that the prolonged application of 
large doses of follicular hormone on the nonpregnant uterus of a rabbit pro- 
duce (r) hyperemia, (2) glandular-cystic hyperplasia of the uterine mucous 
membrane, (3) infarct-Iike neciosis of the muscle la)^er, and aseptic suppura- 
tion of the uterine cavity If prolonged doses of the follicular hormone result 
in so much damage to the nonpregnant uteius, it must be apparent that ovei- 
doses of the corpus luteum hormone on the pregnant uterus must be guaided 
against 

(4) Finally, the mental and nervous state of the pregnant woman is badly 
damaged by the constant suggestions from eveiyone, including the surgeon, 
that she and the fetus are both in imminent danger fiom a surgical operation, 
and that if operated upon she must become a hospitalized invalid during the 
remainder of her pregnancy, and be subjected to great expense and gieat men- 
tal strain Seven or eight months’ pregnancy is enough without the added 
burden of fear and the addition of unnecessary expense 
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Tun roixowiNG quotation from an ai tide by A J Cokkinis, m Maingot’s 
Postoperative Snigeiy, 3, 3993-3994, desciibes veiy well the local skm lesions 
found 111 the condition we aie desciibing 

“Numeious moibid conditions occui in association with vaiicose veins, 
hut they ai e dependent, not on the varices, hut on the venous stasis, the blood 
stagnation, and the resulting local anoxemia, accumulation of toxic metabolites, 
and local tissue acidosis 

“Associated skin changes aic ]ieihaps the most striking Eczematous 
deimatitis (vaiicose eczema) is a common lesull and is seen in vaiious types — 
eiythematous, scaly and weeping, it may he localized, or it may involve the 
whole of what is known as the ulcei -healing aiea of the leg Pigmentation 
occui s m the foim of hiownish macules which coalesce to foim large areas 
of discoloiation, and wduch may ultimately also occupy the wdiole of the ulcei - 
healing aiea Pimitus is veiy common, and deimatitis aitefacta may lesult 
fiom SCI at clung Othei common icsults aie alopecia, and a diy and hyper- 
ti opined skin 

“Edema of the ankle and low'ci pait of the leg occui s in advanced cases, 
hut quite distinct fiom this is a hiawny swelling of the hmh wdiich is some- 
times seen, and which is caused by hypeitiophy of the subcutaneous and 
deepei aieolai tissues ownng to Ijmph stasis An mteiesting result of the local 
hypeiemia, and one to which attention has onl}" lecently been diawm, is a 
decalcification of the low^ei pait of the leg hones” 

In vaiious text-hooks of suigeiy the injection treatment of vaiicose veins 
has been w'^ell described but no leinedy has been suggested foi those cases 
wdnch do not lespond to injection We, theiefoie, feel that it is advisable to 
emphasize again the advantages of the modified Kondoleon operation 
Take, foi example, the past histones of three of oui typical cases 

typical case reports 

Case 2 — A K, age 41, w’as admitted to the U S Veterans Hospital, April 11, 1938, 
complaining of ulceration of both legs Foi the past seven a ears he has had to Avear 

bandages 

* Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6 , 7, 1939 
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Stiigical Examination * — This man has on each leg almost comjilete encircling ulcers 
of long standing He has persistently negative Wasscimann and Kahn tests The feet 
be3'ond the ulcers arc edematous with marked scar tissue, almost an elephantiasis of the 
ankles and uppei feet Theie is an area above each ulcer of thickened scar tissue The 
senior author made the following consultation note on admission 

The left leg, I believe, is untreatable except by amputation, as the circular ulcer is 
constricting the circulation and bmphatics so that any operative procedure would 
eventually be unsuccessful The right leg is ^\here the ulcer only goes two-thirds 
around the leg I believe it would be worth while attempting a modified type of Kon- 
doleon operation, cutting through the scar tissue down through the fascia and allowing 



Fig I — Case 2 U S Veterans Hospital Fig 2 — Ca^^e 2 L S Veterans Hospital Lat 
Anterior \ieu follou mg Koncloleon s operation eral \ie\v rsotice lack of edema in feet 

upon both extremities ^\ ith ell taken” skin 
grafts Following this photograph another Kon 
doleon operation 's\as performed posteriorlj , in 
order to relieve an> resultant edema or scar 
tissue 

expansion and the possibility of anastomotic lymphatic circulation If this were success- 
ful, excision of scar tissue and skin grafting would have a fair possibilit> of succe-^s 
(Figs I and 2) 

Tieatment — September 27, 1938 Modified Kondoleon operation, right leg October 
24, 1938 ’Pinch-grafts to right leg November 4, 1938 Modified Kondoleon, left leg 
Additional skm grafts, right leg November 18, 1938 Pinch-grafts to left and right legs 
November 25, 1938 Additional pmch-grafts, left leg April 4, 1939 Kondoleon re- 
peated posterior to previous incision of both legs Undertaken because of some periph- 
eral swelling following original procedure May 5, 1939 Pinch -grafts, both legs July 

1939 Discharged Hospitalization days — one year three months Following first 
operation — ten months, 16 days Following second operation — three months, nine da>s 
Final Result Both legs well healed, without pain or swelling 

*^1 am rather ashamed to include my initial consultation note on this particular 
patient, but I do so because I believe it will show that our opinion has changed since 
that time 
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Aftei the procedures enumerated above, this patient has two legs com- 
pletely epithehzed, with no edema of his feet and ankles, and a soft calf where 
previously the ligneous mduiation was piesent 

Case 6 R , age 45 > was admitted to the U S Veterans Hospital, May 5, 1932, 
complaining of an ulcer of his left leg, which he states has been present since 1929, and 
for which he has used many types of salves 

Siugical Eraminahon— On the lateral aspect, middle third of the left calf, is an 
ulcer about 4x3 inches Surrounding this ulcer is an area of pigmentation and brawny 
induration The leg shows many moderate-sized varicose veins Circumference of the 
left leg in this area is about three and one-half inches greater than the right He was 
treated with ultraviolet ray and elastic stocking The varicose veins were not injected 
Discharged, June 28, ig32 

Second admission, August 14, 1933 Discharged, November 21, 1933 Chief Com- 
plaint Ulcer, varicose, left leg Size at this time was 3x6 inches He was treated by 
bed rest, ultraviolet ray, elastic stocking Varicose veins not injected 

Third admission, August 15, 1935 Discharged, November 18, 1935 Following 
the last period of hospitalization, at which time the ulcer had been healed, there had 
been no difficulty with it until about two weeks before the present admission, when the 
ulcer again reappeared At this time it was about 3x4 inches and showed a brawny, pig- 
mented area surrounding it involving most of the middle third of the leg Treated by 
ultraviolet ray, bed rest, and elastoplast bandage 

Fourth admission, February 14, 1936 Discharged, September 16, 1936 Ulcer was 
healed following last period of hospitalization until two weeks before present admission 
Treatment by ultraviolet ray, bed rest, elastoplast bandage, and one varicose vein ad- 
jacent was injected He was discharged as healed 

Fifth admission, Decembei 21, 1936 Discharged, February 19, 1937 Ulcer stayed 
healed until four weeks before present admission Examination at this time shows an 
ulcer 3x4 inches Description same as on previous admission Treatment by bed rest, 
ultraviolet ray, elastoplast bandage Discharged as healed 

Sixth admission, March 31, 1937 Discharged, June 3, 1937 Examination Ulcer 
3x4 inches Treated by bed rest, ultraviolet ray and elastoplast bandage 

Seventh admission, October 9, 1937 Discharged, November 29, 1937 Ulcer 3x4 
inches Treatment by bed rest, ultraviolet ray, elastoplast bandage 

Eighth admission, March 20, 1939, complaining of varicose ulcer of left leg There 
have been seven previous admissions for this same condition About six weeks ago the 
ulcer ruptured on the left leg At this time it was 2x3 inches There had been no 
recent injury 

Opeiahon — April 27, 1939 Kondoleon procedure for varicose ulcer, chronic, left 
leg There was a chronic, ulcerated area on the lateral surface, lower one-third of the 
left leg The base of this ulcerated area was thickened and firmly attached to the fibula 
by firm, inflammatory adhesions Beginning just above the level of the malleoli on the an- 
terior surface of the left leg, a vertical incision was carried straight upward along the 
crest of the tibia to the extent of about eight inches This was carried deeply through 
the skin, subcutaneous tissue and fascia and by splitting procedure to the site of the 
adhesion between the muscle layers The tibialis anticus was placed laterally and pos- 
teriorly beginning and ending at the same level The muscle was freed from the fibula 
The two incisions were then connected by undermining, lifting up the entire area of 
skin, subcutaneous tissues and muscle, freeing all deep adhesions to the fibula Bleeding 
was controlled and the resulting defects were tightly packed with vaseline saturated 

gauze , j 

Operation— Jwt i, 1939 Skin graft, left leg The skin of both thighs was shaved 

876 



^ olumc 111 
^ umber 5 


MODIFIED ICONDOLEON OPERATION 



Fig 3 — Case 6 U S Veterans Hospital Note 
general sw elling of leg \\ idespread \\ here skin grafts 
\\cre applied In this case there should ha\e been fur 
ther incisions to release scar tissue 



Fig 4 — Case i, New York City Hospital Fig s — Case i, New York City Hospital 

Photograph of ulcer before operation Note Three years after operation Leg has remained 

bronzing of skin, and size and chromcity of healed during this period Skin is soft 

ulcer 
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and cleansed following which multiple pmch-grafts were taken from both thighs and 
transferred to the denuded areas on the left leg When the operation was terminated, 
the grafted area was diessed and the leg placed in a light plaster encasement 

The majorit}' of the skin grafts were successful Subsequent splinting of the area 
with elastoplast bandage is completing epithehzation Patient remaining in the hospital 
Granulation area now I\ij4 inches, roughly' diamond-shaped (Fig 3 ), and improving 
steadily but slowly Patient is ambulant and walks with slight limp Surgical dressings 
only therapy 

City Hospital Case i — H IC , age 44, was admitted to the New York City Hospi- 
tal, October 30, 1936 Diagnosis Vaiicose ulcers of both legs, right (Fig 4) worse 
than left Duration, 19 jears 

Ticatincnf — Vein injection without success up till 1928 October 30, 1936 Ligation 
of veins of both legs February 15, 1937 Ulcers excised and grafted No improve- 
ment March 22, 1937 Religation of right saphenous April 23, 1937 Kondoleon and 
Thiersch grafts to right leg June 10, 1937 Kondoleon on scar tissue on back of leg 
June 14, 1937 Thieisch grafts to back of leg June 30, 1937 Discharged with both 
legs healed and Unna paste boots Legs healed in two months’ time 

roIloiv-Up — Unna paste boots applied foi almost a year Right leg has stayed 
healed for three years (Fig 5) J^eft leg, which was not operated upon, ulcerated again 
Some residual swelling in right leg Bad hjgiene and living conditions Drug addict 

It is because of the great economic waste to both patient and hospital that 
ne began otn stud}' of this gioup of long-existing ulceis that have resisted 
the usual types of tieatment Then appeal ance is chaiacteiistic A leg with 
a constriction often clearl}' visible at the site of maximum ulceiation, a pig- 
mented, hionzed skin with one 01 several ulceis with dirty, unhealthy granula- 
tions Often thei e is edema of the foot and ankle distal to the ulcei On the 
palpation of the leg a ligneous consistency is felt, especiall}' posterior to the 
tibia and fibula This induiation is confined largely to the pigmented area, 
and shades giadually into normal tissue cephalad to the lesion Distal to the 
involved area the foot may be cold, edematous and moist While in the eaily 
peiiod of the disease varicose veins may be obsetved, at this late period 
they may not be noticeable One must assume that either edema or re- 
peated attacks of lymphangitis and phlebitis have caused their disappeai ance 
We desire to emphasize that the treatment we lecommend is not for early vari- 
cose ulceis that may be leadily cuied by injection of the veins with sclerosing 
solutions, lest and use of Unna paste boots Many of our case histones show 
lepeated hospital admissions dm mg the pievious ten 01 15 yeais 

Oui microscopic studies of tissues lemoved at opeiation reveal the follow- 
ing findings Sections show an atiophic epideimis with loss of rete pegs and 
a very maiked hypei kei atosis of the suiface (Fig 6) Below the epidermis 
the subcutaneous tissue is piactically leplaced by a thick layer of heavy, 
fibious connective tissue This layei is about thiee times its noimal thick- 
ness Scattered thiough these fibers aie laige and small clumps of blown 
pigment, piobably hemosiderin (Fig /) The blood vessels are few and are 
sui rounded and compiessed by scai tissue (Fig 8) Aiound the vessels 
and undei the epideimis there is an infiltration of Ijnnphocytes and plasma 
cells The glands aie buiied below the scai tissue and show markedly 
dilated ducts which are filled with secietion (Fig 9) This same scarring 
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Fig 


6 — Atrophic epidei mis No Inn Compi esseci 
s\\ eat gH nd s M a rked fibrosi s 


sebaceous 


and 



Fxc 7 — Scar tissue and deeper layer, shouing maiked pigmentation 
and chronic infection 

879 



BANCROFT, STANLEY-BROWN AND TAYLOR Annals or sur^en 

May 1940 

extends into the subcutaneous fat The striking features in these sections 
are (i) The thinned-out epithelium without hair (2) The dense scar tissue, 
with compression of the glandular sti uctures and cystic dilatation of the ducts 
deep in the coiium 

We are not claiming any originality in our procedure Indeed, Hugh 
Trout, of this Association, in 1929, presented an excellent paper on this very 
subject Trout reviewed the literatuie, giving gieat tribute, as do we, for 
the early and veiy constiuctive work of Doctoi Matas and others We have 
based the theory of our woik on a slightly different concept than that held by 
Trout Our operative pioceduie is predicated upon the concept that the en- 
circling scar tissue is the main factor that pi events these chronic ulceis from 
healing We believe with Tiout that lymph and venostasis and infection are 
the inciting factors of this condition We believe that after the constrictive 
seal tissue has been leheved, eaily skin giafting diminishes infection, prevents 
the secondary scar tissue formation, and, theiefore, allows the reestablishment 
of the lymphatics Whether that be by deep or superficial anastomoses has 
not been proven 

Opeiatwe Techmc — The leg is piepaied foi several days preoperatively 
with wet I 5)000 neutial aciiflavme dressings and bed rest with moderate ele- 
vation — enough to empty the veins and still give the maximum of arterial 
supply 

At operation, two 01 three linear incisions are made from the healthy 
soft portion of the leg cephalad to the indurated area down to the edematous 
area of the foot and ankle The incisions aie usually made posterior 01 even 
with the tibia and fibula, and often one is made in the posterior third of the 
calf The incisions ai e cai 1 led down thi ough the scar tissue until soft, healthy 
tissue IS encountered In a few of our cases this necessitated exposing the 
posterior surface of the tibia and fibula Theie is occasionally profuse bleed- 
ing from varicose veins encompassed by dense scar tissue It may be neces- 
sai y to control these vessels by sutui e 

The leg is ti eated by wet 01 vasehned gauze dressings When the linear in- 
cision has been made, it is interesting to note how the wounds gape open, 
causing an increased circumference of the leg 

At first, we attempted immediate skin gi afting, but had too many failures 
from delayed ooze or infection Now we graft, usually by pinch- or small 
Thiersch giafts in seven to ten days, when the gianulatnig surface is free 
from sloughs It is important to emphasize the giaftmg before scar tissue 
again begins to contract the circumference of the leg 

Usually, the ulcers ovei the tibia aie not attacked at the primary opera- 
tion In one or two cases they have been undermined by freeing their bases 
at the borders from the underlying deepei structures If these ulcers are 
circular, surrounding the leg, the longitudinal incisions are carried through 
them 

It IS interesting to note that after the Kondoleon procedure epithelization 
often takes place rapidly and the ulcers are almost healed by the time the leg 
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IS ready to be skin-giafted Aftei epithelization is complete, whirlpool baths 
aie efficacious to impiove the local circulation When the patient is first 
allowed up and about, eithei an Ace bandage or an Unna paste boot is neces- 
sary to prevent the initial static edema 

The brawny induration, noted befoie operation, begins to disappear while 
the patient is still in bed When the patient first assumes the erect posture 
a mild static edema is apt to appeal unless eithei Ace bandages or Unna paste 
lioots aie applied Foi the fiist two to three months these cases must be 
closely followed to deteimine how long the bandages should be left on Our 
poor lesults have been from too early lemoval of compression, allowing edema 
befoie the complete restoiation of the lymphatic drainage has occurred 

We wish to piesent a piehminary lepoit of 20 cases — ^ten fiom the New 
Yoik City Hospital, nine fiom the U S Veterans Hospital No 81, and one 
fiom the New Yoik Infiimaiy for Women and Children, which we have in- 
cluded with the New York City Hospital cases 

ABBREVIATED REPORTS OF 20 CASES 

Case I — B D , age 61, was admitted to the U S Veterans Hospital, June 27, 
1938, complaining of an ulcer of the left leg, which had been operated upon one year 
before, necessitating a hospitalization of six months Examination revealed infiltration 
and induration extending into the deep structures of the posterior aspect of his leg, 
responsible for the repeated breaking down of any surgical attempts to cover over the 
plastic and skin giafts One-half of the material preMOUsly implanted still remained 
and appeared to be in fairly good circulatory condition 

Siu gical Consultation — This patient, a man of 61, is suffering from an indolent ulcer 
on the posterior surface of the left leg He was operated upon at the Veterans Hospital 
in San Francisco, with pedicle skin grafts These broke downi last January" The evi- 
dence at present is that tw^o-thirds of the lower portion of the grafted area is filled with 
satisfactory skin There appears a V-shaped ulcer 2x5 inches, above this area, wnth a 
base of infected scar tissue Palpating the leg anterior to this area, it has ligneous 
consistency 

I do not believe that an> attempt at skin graft for the present ulcer would be perma- 
nently successful, without releasing adhesions lateral to the ulcer, through the fascia, 
m order to produce a better 1 > mphatic and vascular drainage of the leg I would suggest 
that he be treated by elevation and w^et dressings for a couple of wrecks, then a modified 
Kondoleoii operation lateral to the ulcer, wnth immediate skm graft, and then, after a 
period of rest and elevation, an excision of the ulcer, with the skin tissue involved, 
should be performed, follow’’ed by either full -tissue or pinch-grafts 

The patient was treated by bed rest, elevation, radiant heat, whirlpool, and ultra- 
violet radiation, from June 27, 1938, to September 13, 1938, without improvement 

Opeiation — September 13, 193S Two incisions were earned out, one mesial and 
the other lateral, one inch distant from the margins of the ulcer, paralleling the long 
diameter of the leg, carried down through the skm and subcutaneous tissue, musculature, 
to periosteum of the bone, relieving the tension in the tissues The area, including the 
ulcer, blocked off by this incision was then lifted free from its attachments and allowed 
to remain as a bridging across the indurated area and beneath the ulcer Apparently, 
the circulation in the immediate vicinity of the ulcer was improved by this procedure 
No sutures were introduced The leg was dressed with a vaselined dressing No at- 
tempt was made to scarify or excise the ulcer proper Ulcer healed promptly after this 
procedure without the necessity of skin grafting 
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The patient was discharged, cured, December i, 1938, after a total of five months 
and four days of hospitalization— two months and 18 days after the Kondoleon operation 
Case 2 — A K This case has been described on page 874 

Case 3 — M McG , age 48, was readmitted to the U S Veterans Hospital, Octobei 
14, 1938, complaining of a severe ulcer of the left leg, which had persisted since 1933 

Readmitted, August 7, 1934 Discharged, December 3, 1934 Diagnosis Varicose 
ulcer left leg, severe T) eatmcut — Consisted of local dressings, adhesive strappings 
and rest 

Readmitted, May 13, 1935 Discharged, August 27, 1935 Diagnosis Varicose ulcer 
of left leg, 4x3 inches, with associated varicose veins T)eatment — Injection of van- 
cose vein Ultraviolet radiation to ulcei in addition to adhesive strapping and bed 
rest Decrease in size of ulcer primarily, only to return to original size 

Readmitted, April 21, 1936 Discharged, June 19, 1936 Diagnosis Varicose ulcer 
of left leg Varicose veins left leg, moderate Since last hospitalization here (August 
27, 1935) has been at Welfare Island for foui months Has had 62 pinch -grafts, without 
success, ulcer 5x4 inches Ti eatmcut — Elastoplast, rest Pinch-graft, June 3, 1936 
Readmitted, July 19, 1937 Discharged, September 24, 1937 Diagnosis Varicose 
ulcer, left leg, 2^4x4 inches Varicose veins, left leg Thrombophlebitis, chronic, left 
leg Ticatmcnt — Rest, elevation of leg Elastic bandage Local dressings with gentian 
violet 

Readmitted, October 14, 193S Discharged, March 7, 1939 Diagnosis Ulcer, left 
leg, severe Was at Rikers Island five months, Bellevue one month Treatment — 
November i, 1938 Kondoleon operation December 2, 1938 Skm graft December 
16, 193S Skin graft Whirlpool therapy following grafts Discharged Healed 

Case 4 — H H, age 37, was admitted to the U S Veterans Hospital, July ii, 
1936, complaining of varicose veins, left, severe, right, mild Varicose ulcer, left leg 
He had had varicose veins for 12 to 14 3^eais, and had also had numerous ulcers on his 
legs since 1925 The present one, duration six months, was one inch in diameter 
T)cafment — Injection, rest, dressings Discharged Septembei 17, 1936 

Readmitted, January" 16, 1939 Diagnosis Varicose veins, left leg Varicose ulcer, 
left leg, which had reappeared three months ago and which was growing piogressively 
larger Now^ 3x4 inches Ticatment — Februaiy 7, 1939 Kondoleon operation March 
8, 1939 Pinch-graft Whirlpool therapy Dischaiged, April 20, 1939 Epithelized, with 
no edema 

Case 5 — C B, age 54, w^as admitted to the U S Veterans Hospital, Februaiy 27, 
I934» complaining of a severe varicose ulcer on the left leg Treatment — Bed rest, ad- 
hesive strap dressings Discharged, December 14, 1934 Cured 

Readmitted, June 14, 1935 Diagnosis Varicose ulcer, chronic, left leg One 
month following last discharge (December i, I934)> ulcer again appeared Discharged, 
July 9, 1935 (AWOL) 

Readmitted, October 8, 1935 Diagnosis Varicose ulcer, left leg, severe, three 
inches in diameter Thrombophlebitis, chronic, bilateral, legs Ticatment — Elastic band- 
age, ultraviolet radiation, local surgical dressings Dischaiged, December i, 1935 
Cured 

Readmitted, June 14, 1937 Diagnosis Ulcer, left leg, three inches in diameter 
Ticatment — Rest, elastoplast, ultraviolet radiation, surgical dressings Discharged, 
August II, 1937 (AWOL) , condition improving 

Readmitted, December i, 1938 Diagnosis Varicose ulcer, left leg Phlebitis, left 
leg January ii, 1939 Kondoleon operation, left leg January 31, 1939 

Pinch-graft, left leg April 4, 1939 Kondoleon operation, left leg — cuff-like constric- 
tion following first Kondoleon operation to be relieved May 17, 1939 Pinch-gralt 
September 15, 1939 Refused excision of scar tissue in base of previous Kondoleon opera- 
tions Patient given physiotherapy and adhesive bridging — finally epithelized D*s- 
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charged, October 20, 1939 Epithelized but new skin appears thm with some edema still 
present 

Case 6 — R This case has been described on* page 876 

Case 7— A S, age 48, was admitted to the U S Veterans Hospital, April 10, 
1939. complaining of an ulcer of the right leg, which has been present since 1927 He 
had been treated in the Brooklyn Naval Hospital three years ago, and also by private 
physicians and himself, with no improvement Treatment — Kondoleon operation, April 

27, 1939 May 17, 1939 Pinch-graft June 16, 1939 Debridement of scar tissue, at the 
site of the previous Kondoleon operation June 26, 1939 Pinch-graft August 19, 1939 
Discharged Wounds well healed 

Case 8 — C C , age 42, was admitted to the U S Veterans Hospital, May 2, 1939, 
with a diagnosis of varicose veins of both legs, varicose ulcer, right leg Duration, 



Tig 10 — Case 9 U S Veterans Hospital Final result 
with complete epithelization and lack of edema of foot 


SIX months Numerous small ulcers with pigmentation Was treated with rest, local 
antiseptics and elevation Patient gives a history of pain and swelling with enlarged vari- 
cose veins of both legs, for the past five years About one 3'ear ago he developed some 
ulceration on the left leg which responded to injection treatment of the varicose veins and 
local treatment to the ulcers He has also been receiving injections and local treatment 
because of the large ulcers of the right leg for the past six months The right leg 
swells and becomes very painful 

Singteal Eraviinahon — The left leg shows rather marked discoloration and in- 
creased pigmentation with numerous small, healed scars, the site of previous varicose 
ulcers There are no enlarged clusters or veins present at this time The right leg is 
dark, swollen and discolored The lower third shows increased pigmentation an 
small, ulcerated areas, some of which are encrusted There are visible and pa pa e 
clusters of enlarged veins in the upper third of the leg and m the lower thigh, wit i many 
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small, hard areas, the site of previous infections He gives a history of syphilitic in- 
fection and the lesions are suggestive of lues Blood Wassermann is negative Spinal 
puncture will be done and Wassermann done on the spinal fluid Diagnosis (i) Vari- 
cose veins, both legs (2) Varicose ulcers, right leg (3) Thrombophlebitis, chronic, 
right leg 

Tieatmeni — ^July 12, 1939 Kondoleon operation, right leg August 25, 1939 
Skin graft, right leg The majority of the skin grafts were successful Remaining in 
hospital 

Case 9 — J B , age 46, was admitted to the U S Veterans Hospital, May 27, 1939, 
for varicose veins, varicose ulcers in both legs Previous treatment in 1937 for same 
condition Recurrence about ten months ago Ulceration had been present since 1920 
Nine admissions to various hospitals Numerous ulcers 

Tieaiment — ^June 8, 1939 Kondoleon operation, right leg July 13, 1939 Skin 
graft Remaining in hospital (Fig 10) 

NEW YORK CITY HOSPITAL CASES 

Case I — H K This case has been described on page 878 

Case 2 — H, male, age 54, was admitted to the New York City Hospital in 
I93 Sj lor varicose ulcers of both legs, for ‘‘years” Swelling and scleroderma Tieai- 
ment — 1933-1934 Injection of veins Right leg healed, but developed osteomyelitis ot 
foot Left leg did not heal 1935-1937 Several attempts to graft left leg ulcer failed 
April 30, 1938 Kondoleon operation upon’ lateral side of left leg May 12, 1938 Pinch- 
grafts May 27, 1938 Pinch-grafts June 30, 1938 Pinch-grafts Ulcer healed and 
swelling disappeared 

Follow-Up — November 16, 1939 Left leg has remained healed and free of swelling 
Scleroderma still present Right leg had to be amputated because of infection 

Case 3 — N R , female, age 58, was admitted to the New York City Hospital, May 
to, 1937, and presented swelling of left leg, following a hysterectomy 15 years ago 
Ulcers developed 13 years ago Healed once but recurred Has large sloughing ulcers 
on both sides of left leg Tieatmenf — May 21, 1937 Kondoleon incisions on either side 
of leg, through ulcers May 25, 1937 Pinch-grafts to outer incision May 28, 1939 
Pinch-grafts to inner incision June 29, 1937 Discharged healed 

Follow-Up — November 16, 1939 Leg still well healed Skin around leg soft 
(Fig II, 12, 13 and 14) 

Case 4 — A L, male, age 38, was admitted to the New York City Hospital, May 
9i 1939, complaining of a varicose ulcer, right leg, with swelling Tieatvient — 193S 
Injections, without success May 10, 1937 Kondoleon incision through ulcer May 17, 
1939 Thiersch grafts — ^took poorly July 24, 1939 Discharged healed but without Unna 
paste boot 

Follow-Up — November 16, 1939 Right leg very swollen A few superficial ulcera- 
tions Right leg three inches larger than the left Referred for further rest and 
Unna paste boot 

Case 5 — C G , male, age 73, was admitted to the New York City Hospital, March 
25, 1938, complaining of varicose veins , and intermittent ulcers of the left leg, 12 years 
Treatment — April ii, 1938 Leg healed with bed rest, but scar tissue remained, so a 
Kondoleon incision was made through the ulcer area Thiersch grafts applied with 95 
per cent takes May 27, 1938 Discharged healed, with Unna paste boot Uncoopera- 
tive and had some breaking down of wound 

Follow-Up — ^June, 1939 Leg healed and no swelling 

Case 6 — ^J W, male, age 54, was admitted to the New York City Hospital, May i, 
1939, complaining of varicose veins for years, and an infected ulcer for seven weeks 
Ireatment — May 5, 1939 Kondoleon incision on outer side of leg Fascia removed 

885 



STANLEY-BiROWM AND TAYLOR Annuls of ^ur^erv 

May 1940 



Ik II — Cise 3 New \ ork Cit> IIospitTl 
After K^'^ftnip: the Inter il surfncc of the Ic" 
following Kondoleon operntion Note wide sprend 
of the scni 



Tig 12 — Case 3 New York Citv Hospital 
After grafting area of Kondoleon operation on 
mesial surface of the leg 



Tig 13 — Case 3 New \ ork Cit> Hospital 
Final lesult two and one half jears after opera 
tion — lateral surface of leg 


Fig 14 — Case 3 , New York Cit> Hospital 
.VO and one half jears after operation— mesial 
rface of leg Note softness of skin, with 
labJllt^ and lack of edema of foot 
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Ma}'' 1 6, 1939 Pinch -grafts June 6, 1939 Went home against advice Not quite 
healed Ace bandage on leg 

FoUozv-Up — November 16, 1939 A few superficial ulcerations and some swelling 

Case 7 — M B , female, age 41, was admitted to the New York Infirmary, July 20, 
1939, and presented a varicose ulcer of the left leg, of 15 years' duration TieaUnent — 
1924 Leg ulcerated and healed spontaneously after one year 1928 Ulcerated again, 
and healed after three to four months June 31, 1939 Ulcer opened again and would 
not heal July 31, 1939 Kondoleon incision through outer side of leg Pinch-grafts 
applied immediately August 22, 1939 Discharged healed with Ace bandage 

FoUozv-Up — September 20, 1939 Did not apply bandage properl}'' and small ulcera- 
tions began to appear Put to bed and Unna paste boot applied November 10, 1939 
Boot removed Leg healed Admitted to hospital for arthritis November 24, 1939 
Leg well healed and tissues soft 

Case 8 — T W, male, age 61, was admitted to the New York City Hospital, June 
2, 1939, complaining of a varicose ulcer of the left leg, which had been present off and on 
for 30 years Ticatment — June 12, 1939 Kondoleon incision both sides of leg Pinch- 
grafts August 3, 1939 Went home against advice, not quite healed 

FoUozv-Up — None 

Case 9 — L I , male, age 54, was admitted to the New York City Hospital, June 
12, 1939, complaining of varicose ulcers on the calves of both legs Swelling of the left 
leg present for “years” Ticatment — June 12, 1939 Kondoleon incision on both sides of 
left leg Thiersch grafts immediately June 22, 1939 More Thiersch grafts June 29, 
1939 Pinch-grafts August 15, 1939 Discharged healed 

FoUozv-U p — None 

Case 10 — F L, female, age 41, was admitted to the New York City Hospital, 
April 10, 1939, complaining of varicose ulcers of both legs , with swelling for 16 years 
Tieafment — April i, 1939 Bilateral saphenous Aein ligation No improvement April 

19, 1939 Kondoleon incision, right leg , with fascial strip removed April 26, 1939 
Kondoleon incision of left leg, and skin giafts to right leg May 17, 1939 Thierscn 
grafts, both legs May 31, 1939 Thiersch grafts, both legs June 19, 1939 Scar tissue 
on right leg incised and Thiersch grafts applied June 26, 1939 Thiersch grafts to 
right leg August 5, 1939 Transferred to Welfare Hospital August 30, 1939 Dis- 
charged improved 

Follozv-Up — None 

Case II — W C, male, age 68, was admitted to the New Yoik City Hospital, Apiil 

20, 1939, complaining of a varicose ulcer of the left leg, duration, ten yeais T)catincnt — 
Injections, without success May i, 1939 Kondoleon incision to left leg, with fascnl 
strip removed May 8, 1939 Pinch-grafts May 16, 1939 Pinch-grafts May 26, 1939 
Pinch-grafts June 27, 1939 Finally healed Tissues sluggish July i, 1939 Discharged 

Follozv-Up — November 16, 1939 Large deep ulcers of both legs Probably some 
arteriosclerosis responsible for this failure 

ANALYSIS OF 20 CASES 

Age incidence 37-73 yeais 

Wassermann tests negative in all cases 

Sex distribution 17 males — three females The ten cases fiom the U S 
Veterans Hospital weie, natmally, all males, so this does not give a tiue sex 
ratio 

Average duiation of ulceis, 14 yeais 
Of these, two weie of shoit duiation 

One had varicose veins for ten yeais but ulcei for only six months 

887 



BANCROFT, STANLEY-BROWN AND TAYLOR Anniisof&ur«rv 

May 1040 

One had varicose veins for “years,” but an acute ulcer with infection 
of seven weeks’ duration 

Follow-Up 

Twelve cases healed 

Six from the U S Veteians Hospital were discharged after ample 
obseivation to assure healing 

Six fiom the New York City Hospital stayed healed for three 
months to three years 

Two cases still under observation at the U S Veterans Hospital 
Two fair results from the New York City Hospital need further 
Unna paste boot treatment to relieve edema and supeificial ulcera- 
tion 

Three cases not followed 

Two left against advice when not quite healed 
One discharged healed 
Two failures 

CRITIQUE OF THE TWO INSTANCES OP FAILURE 

Case 5 — C B , New York City Hospital group This was a male, aged 54, 
who was fiist admitted in February, 1934, with A^aricose ulcer of the left leg 
He had three subsequent admissions The ulcer kept recurring The first 
Kondoleon operation was not extensive enough A second Kondoleon 
opeiation was pei formed three months later The leg was not grafted for 
SIX weeks He left the hospital against advice, before the ulcers were com- 
pletely healed, and has not been seen since Failure was anticipated, because 
of poor after-care 

Case II — W C , New Yoik City Hospital gioup This was a male, aged 68, 
who had had varicose ulcers for ten years, which repeated injections had failed 
to heal The Kondoleon opeiation was followed by pinch-grafts in one week 
He had two subsequent graftings, all of which healed sluggishly The patient 
was discharged, healed, aftei two months An Unna paste boot applied but 
not left on long enough When seen, Novembei 16, 1939, had large, deep 
lecunent ulcers on both legs Arteriosclerosis was probably a factor in this 
case 


SUMMARY 

Our follow-up IS not as complete as we could wish — ^largely because the 
U S Veterans Hospital draws fiom othei than the ineti opolitan districts and 
because the New York City Hospital has a very poor and migrant clientele 
The hospitalization period at the U S eterans Hospital is longer than would 
occur elsewhere, as the Government charges are kept until they are com- 
pletely healed They leave with a better chance of permanent cure than do 
the New York City Hospital cases 

We have had one severe failuie, noted pieviously, and two cases that 
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have had slight recuirences that will need minor procedures to lelieve the 
edema and superficial ulcerations 

In analyzing our failures there aie three important causes that we hope 
to correct in the future 

(1) Incisions have not been long enough in some cases 

(2) There has been too long delay between the initial incision and secon- 
dary skin grafting In a busy hospital service it is difficult sometimes to get 
operative time for skin grafting 

(3) Immediate follow-up as to treatment of the dermatitis following the 
grafting, and application of Unna paste boots oi Ace bandages, has been in- 
complete m two cases 

The question can be raised as to whether there may not be late recur- 
lences m our cases We feel, from our examinations on discharge and 
follow-up, that the lack of edema m the foot and the return of the tissues to 
normal consistency promise a peimanent cure and return these patients to 
active life with the greatest rapidity 

In observing cases treated by elevation, rest and wet dressings, we have 
not seen the above mentioned changes after they are up and around again 

Discussion — Dr A G Brenizer (Chailotte, N C) These people we 
say have phlebitis, but do they have phlebitis or lymphangitis ^ If we do not 
do something for the lymphangitis, they will not heal Doctor Bancroft has 
found out that certain of these cases of so-called varicose ulcer will not heal 
until a very radical operation, like a modified (not so extensive) Kondoleon, is 
performed That operation was originally undertaken to reestablish a wider 
and more abundant anastomosis between the superficial and deep lymphatic 
vessels 

The speaker then showed photographs of a very extensive ulcer of the 
leg, which demonstrated splendidly an ulcer as big as two hands, covered 
with full-thickness Reverdm grafts The leg was not even swollen (edema- 
tous) because it had been elevated and the graft-bed prepared for three 
weeks Yet, later, when the leg was put to the floor and the edema returned, 
three-fourths of the grafts, after “taking,” sloughed and were lost Next, 
he showed a marked lymphangitis (elephantiasis), very much improved by 
the Rogers-Kondoleon-Sistrunk operation He then demonstrated, by a series 
of photographs, the healing of grafts where the vessels were tied and sloughing 
where they had not been tied 

His point was That though the blood vessels are tied or a complete 
or incomplete Kondoleon operation performed, the improvement comes from 
the relief of the lymphangitis rather than of the phlebitis 

Dr Hugh H Trout (Roanoke, Va ) There is a certain percentage of 
cases following such operations m which there will be recurrences We have 
had this experience, and, recently, we have tiied out a drug which is men- 
tioned at every medical meeting nowadays, namely, sulfanilamide We have 
had satisfactory results m two cases with its use These recurrences are 
usually preceded by attacks of so-called “erysipelas” , then they get over one 
attack and then repeat, and then, after several such attacks, “elephantiasis” 
or an “elephantoid state” begins to develop We had quite a few recur- 
rences before the days of sulfanilamide but since then we have only had two 
one a filaria with superimposed streptococcic infection, with attacks of fever 
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on an average of once a month , the other an uncomplicated streptococcic in- 
fection The first case was two and one-half years ago After putting her 
on sulfanilamide, foi the fiisl time we obtained a quick result as regards re- 
duction of fevei and the disappeaiance of the infection She has taken 
sulfanilamide two oi thiee times a month, which has apparently prevented 
the leciiiience of these attacks The othei case is more recent and we cannot 
say much about it yet, but I can say we believe sulfanilamide is well worth 
consideration as a pievenlive of these lecuirent attacks of streptococcal 
infections 

Dr M Stanley-Brown (Nen Yoik, N Y ) The operative technic 
which has just been desciibed is a compaiatively simple one but the pro- 
ceduie as a whole is beset with pitfalls Some of oui pool lesults and failures 
illustiate this veij’’ well 

To begin with, the patient must be coopeiative and willing to follow in- 
stiuctions foi a peiiod of six months or moie Gieat care must be taken in 
the selection of the cases The Citj'- Hospital failuie was a good example 
of this Theie weie impaned aiteiies along vith vaiicose veins and edema, 
and the tiauma of opeialion was moie than the cii dilation could stand The 
best time to opeiate is when theie is the minimum of infection and edema 
Whenevei possible it is piefeiable to give the patient a period of bed rest, 
elevation, and wet antiseptic diessmgs befoic operation AVhirlpool baths, 
used dm mg this peiiod, are often of gieat assistance Some of oui delayed 
healing and failuies of oui giaftmg have been due to disiegaid of this 
pimciple 

At opeiation, one of the difficulties is piofuse bleeding The veins are 
held wide open m scai tissue and cannot be clamped easily An Esmaich 
bandage may be used on the thigh to facilitate the pioceduie If the incision 
is begun below and earned upwaid, the veins m the ankle may be easily 
ligated before they entei the scaiied aiea, and excessive bleeding i educed 
When we fiist began to employ this opeiation, we used to remove a strip 
including skin, subcutaneous tissue and fascia foi the entiie length of the 
incision This, hovevei, is not necessaij'-, as a single incision thiough the 
involved gapes open sufficiently to i elieve tension and afford adequate drainage 
The incised aiea should be as clean as possible for skin grafting A 
solution of I 5,000 aciiflavme is veiy nonii ntating and cleans up gianula- 
tions lapidly Unless the field is veiy clean, pinch-giafts aie the ones of 
choice, though occasionally m selected cases 1 hiei sch grafts have been used 
with success Immobilization of the extiemity following grafting is of great 
impoitance and plastei of pans should covei from foot to midthigh Giaftmg 
must be undertaken within a week aftei the initial operation 

I cannot emphasize too stiongly the importance of immediate and late 
postopeiative caie The patient should be kept in bed with inodeiate elevation 
of the leg until healing is complete The leg should not be allowed to hang 
ovei the side of the bed, 01 the patient allowed to walk without the suppoit 
of an Ace bandage, piopeily applied, 01 an Unna paste boot Few of oui 
patients have the intelligence to appty a bandage propeily, so our best lesults 
have been with a boot It lequiies fiom thiee to six months to restoie cir- 
culation and piopei lymphatic drainage, and during this peiiod edema must 
be kept out of the leg By this, fuithei scai formation is prevented and 
the leturn of a noimal consistency to the tissues, and a choice of peimanent 
cure is assuied 
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The aveiage hospitalization time of these cases is about two weeks befoie 
opeiation and six weeks to two months aftei opeiation This may seem long, 
but with a histoiy which aveiages 14 yeais of ulcei, which heals and breaks 
doun repeatedly, and fiequent peiiods of hospitalization, it is an economy 
of time 111 the end 

Dr Howard Maiiorner (New Oileans, La ) We have aiiived at some- 
what the same idea as Doctor Bancioft has m ti eating these cases, though 
fiom a little different angle Several factors are responsible foi keeping 
these ulcei s open, which are Back pi essui e , infection , and m long-standing 
cases, seal ring It is necessaiy to get iid of each one to erne the patient 

The speaker then demonstiated, photogi aphically, a case with peifectly 
huge vaiicose veins The leg was biawny and mduiated m the lover part 
If this aiea ulcei ated and the ulcer remained open for any length of time 
she would have the same condition he described Some years ago we staited 
ligating these veins The impoitant thing is to ligate them high, but we 
found a numbei of cases that had additional leaks below the saphenous which 
are not affected by high ligation Fuithermoie, we found that injections of 
sclerosing solution only, are not sufficient to hold back the pressuie m these 
cases Foi that leason we cut out segments of veins wheie these additional 
leaks from the deep to the superficial veins occuiied It was possible to 
foietell wheie the leaks weie by ceitain tests The “Comparative Tourniquet 
Test” will localize the level of incompetent communicating veins In addition 
to high ligation of the saphenous vein and excision of segments of supeificial 
veins into which communicating veins with incompetent valves peimit addi- 
tional backflow from the deep to the superficial system, where there is much 
scarring from long-standing ulceration, the ulcer bed is cut out and the area 
grafted with skin In certain cases when there is much fixation, in removing 
varices below the knee, I excise indurated tissue around the veins even 
through the deep fascia and for the distance of the entire leg 

This is a very interesting and significant contribution Doctor Bancioft 
has made, an advance in treatment of these very difficult cases 

Dr Robert L Rhodes (Augusta, Ga ) If you will recall, at the White 
Sulphur meeting m 1923, I presented the subject of elephantiasis and its 
relation to focal infection and reported several cases of recurrences following 
the Kondoleon procedure In one instance the recurrence was caused by 
infection of the tonsils, and pockets of pyorihea around several teeth He 
was promptly relieved by the removal of the foci of infection and lemained 
well over a period of ten years, after which time he moved away and was lost 
track of Another strikingly similar case was observed about one year later 
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Injury to the semilunai cartilage is one of the most common knee joint 
injunes With mci eased industrial activities, auto accidents, football, base- 
ball, basketball, , every surgeon is seeing larger mimbeis of these cases 
Quite a few general surgeons aie operating upon these patients, and well they 
may, foi after all, who is better fitted to open a knee joint than a geneial 
sui geon ^ 

I have been interested m this subject foi some time, and have seen a 
numbei of these cases My mteiest progressed to such a degree that, foi 
my own use, I have devised several instruments which have been of assistance 
111 making the operation easiei and i educing opeiative trauma, at least fiom 
my own viewpoint 

I have always been of the opinion that the accepted period of convalescence 
foi these cases was too long, and that this peiiod should be i educed With 
these suggestions m mind, let us consider injuries of the semilunar cartilages 

The internal caitilage is far moie frequently injured than is the external 
Thei e is an anatomic basis for this which I will not touch upon m this paper 
The mteinal cartilage is injured and displaced when stiain is put on the 
internal lateial ligament of the knee joint, with the knee flexed and the femur 
lotated inward The inteinal semilunar cartilage is nearly always displaced 
inward , and as the cai tilage is wedge-shaped, it may become jammed between 
the bones forming the knee joint, locking the joint and producing excruciating 
pain When the internal cartilage is occasionally and rarely displaced out- 
waid, the protrusion can be palpated from the slcin surface and the knee joint 
does not lock Locking of the Icnee joint, however, is not always present in 
these cases, for in about one-third of the injuries to the internal semilunar 
cartilage, the history of locking is absent This should always be kept in 
mind, and the absence of a history of joint locking does not mean there is no 
caitilage displacement or damage Injury to the internal semilunar cartilage 
can also at times pioduce symptoms on the outei side of the joint, and it is 
well to recall that the external cartilage is not fiequently injuied 

When these patients present themselves, they usually give a history of a 
chronic knee condition with little oi no mechanical treatment If they have had 
mechanical treatment it has, as a rule, been so inadequate as to be of little or 
no value to the patient The acute displacements of the internal cartilage, 
m a large number of instances, seem to be treated by a friend or an athletic 
coach, who gives the subject a yank on the leg and “calls it a day ’ The 

* Presented before the Fifty-Second Annual Meeting of the Southern Surgical Asso- 
ciation, Augusta, Ga , December 5 , 6 , 7 , 1939 
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average patient has a superstitious horror of a surgeon looking into his knee 
joint Consequently, the surgeon is the couit of last appeal 

All of these patients should have their knee joints examined roentgeno- 
logically Not that the roentgenogram will show the offending cartilage, 
but to 1 tile out other conditions that could be mistaken for a displaced cartilage 
However, some surgeons inject oxygen into the knee joint m an endeavor to 
show the cartilage This may or may not be successful 

The physical findings m these patients are not remaikable Injury to the 
mteinal semilunar cartilage is diagnosed by its acute onset, synovitis and 
swelling of the joint, locking of the knee joint, pain on the inner side of the 
patella localized over the internal cartilage Occasionally theie is palpable 
11 regularity ovei the cartilage Theie is also tenderness over the internal 
lateial ligament and tenderness over the cartilage when the knee joint is 
foiced into extension A histoiy of the injury is also of help 

Symptoms of injury to the external semilunai cartilage aie not as well 
defined as those of the internal semilunar cartilage The patient complains 
of pain over the cartilage, and may feel something slip over the outer surface 
of the knee joint There may also be a clicking ovei the outer surface of 
the knee joint on flexion oi extension of the joint 

Theie aie two types of tieatment for displacement of the mteinal semilunai 
cai tilage 

(1) The mechanical tieatment (which should be followed in all acute 
cases), and by this I mean the ones seen immediately following the injury 
The patient has severe pain with marked muscle spasm Therefore, m i educ- 
ing the dislocated cartilage, an anesthetic should be admmistei ed The steps 
for reduction aie acute flexion, lateial deviation, inteinal lotatwn, and com- 
plete extension Following reduction, the knee should be immobilized foi 
three weeks to give time for union of the cartilage to become established 
At the end of this time, the patient should have massage, the shoe laised one- 
quarter of an inch on the inner boi dei heel and toe to relieve the strain on the 
internal lateral ligament The patient should also wear a knee biace or cage 
for several months, which fuither contiols motion at the knee joint By fol- 
lowing this outline of treatment, acute cases are given a chance to heal without 
operation The conseivative tieatment is time-consuming and cannot be 
hurried 

(2) In those cases which have run a chronic course, with much discom- 
fort and disability, the opeiative ti eatment is indicated, and it is m these cases 
that we are especially interested To give a better view of the inteiior of the 
knee joint during the operation, the patient is placed on the operating table 
with the knees flexed to a right angle hanging over the table We employ 
tincture of merthiolate for the skin pieparation, and make the skin incision 
through sterile gauze The usual incision is made about 1 ) 4—2 inches long, and 
extends obliquely from the lower angle of the patella to the tibial margin 
Thin gauze sponges ai e clipped to the skin edges of the wound with skm clips 
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file most iigid aseptic technic is observed and nothing is touched with the 
fingcis Pei feet hemostasis is also secuied 

Foi w 01 king inside the joint, we use angulated hooks for grasping the 
taitilage, and a light angle angulated knife for cutting the cartilages free, also 
an angulated V-shaped knife with the cutting suiface in the V We also use 
angulated scissois, and have two sets of letiactois adjusted to the proper angle. 













Tig 1 — Illustrates instruments for operating upon the inside 
of the knee joint Nos i, 2 3, 4 are blunt and toothed retractors 
No 5 — Angulated scissors No 6 — Small hook for tags of cartilage 
Nos 7 and 8 — Angulated hooks for larger cartilage tags No 9 — 
Right angle knife No 10 — V shaped knife with the cutting sui 
face on 1 V No ii — A flat or spatula retractor 


one pail blunt, the other with teeth These nistiuments are not expensive, 
nor as complicated as they may seem (Fig i) 

The joint capsule is opened, leti actors jiiopeily placed, and the caitilage 
in question thoioughly examined The caitilage may be found detached at 
either end, split, oi detached in the middle along the inteinal lateral ligament, 
efc The caitilage is giasped between the spatula oi flat letractor and one of 
the hooks in oidei to fiiinly hook the caitilage The caitilage is then com- 
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pletely lemoved with the angulated knives or scissois, leaving no fiinges or 
tags The wound is closed with inteiiupted sutiiies of fine chromic catgut 
in layeis In men, we pay no paiticulai attention to skin closuie In women, 
we use a subcutaneous sutuie for the cosmetic effect A compiession diess- 
ing IS applied, and the patient letuined to bed ivith no splints of any kind 

The knee is slightly flexed on a pilloiv, ice _ _ 

bags and small amounts of opiates are em- 
ployed to contiol pam 

Tiventy-foui hours latei, and never 
longei than 48 houis, the patient is out of 
bed ivalking ivith one ciutch We firmly 
believe that eaily ivalkmg and iveight- 
beaiing prevents adhesions in the joint, 
diminishes musculai atiophy, pi events 
joint stiffness, and makes a laige amount 
of massage, diatheimy, efc , unnecessary, 
it also maikedly cuts down the time of 
postopei ative convalescence Oui cases 
aie back at work in four or five weeks 
fiom the date of the opeiation 

In leviewmg the liteiatuie, I find that 
all soits of plaster encasements, splints 
and biaces aie put on these patients post- 
opei atively, and that knee joints aie often 
immobilized an}wvheie from ten days to 
three weeks This, I consider to be abso- 
lutely unnecessary After all, no important anatomic stiuctuies of the joint 
are involved other than the capsule and the caitilage The ligaments aie nevei 
disturbed, and the stiength of the joint should never be unpaired by this 
operation 



Tig 


—Schematic drawing' of the 
knee joint showing the location of the m 
cision, this incision in no wa\ impinges 
on an> of the important ligaments of the 
knee joint 


SUMMARY 

This papei has been presented to call attention to the postopei ative tieat- 
ment of semilunai cartilages, in oidei to demonstiate that the convalescence of 
these patients can be shoitened, also, to piesent mstuinients that facilitate the 
removal of the semilunar cartilage without damage to the joint sui faces or its 
synovial membrane, as, m my opinion, operative tiauina definitely plays its 
pait m postopei ative discomfort, delayed convalescence and pool results 
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The reconstruction of ears, either partial or total, has long been one 
of the most disappointing and unsatisfactoiy blanches of plastic suigery This 
IS due in laige measure to the complicated form of the ear cartilage or scaf- 
fold, making it extremely difficult to carve and pattern rib cartilage so that 
It will be thin enough and light enough to preserve the normal position and 
appearance of the new ear Rib cartilage has been employed because of the 
unavailability of elastic cai tilage in large enough amounts and shapes It is 
obvious from this premise that the chief difficulty in ear reconstruction has 
been to obtain a suitable scaffold or mold upon which to reconstruct an 
ear If any thin, light reproduction of ear cartilage could be formed, even 
though a foreign body, and used as a foundation, the reconstruction would be 
simplified and the ultimate result should have a more pleasing cosmetic 
appeal ance What better mold could one use than ear cartilage itself, if, 
when transplanted, it would remain as cartilage and remain m sifii 

Some years ago the author became interested in the fate and behavior of 
transplanted rib cartilage, which occupies an unique position as regards its 
life and existence For many yeais the excess costal cartilage removed in 
the course of a plastic reconsti uction has been stored by burying it in a sub- 
cutaneous pocket in the abdominal wall, and here it lemamed indefinitely, and 
intact, for such future use as might be necessaiy Despite the opinion of 
some authorities that much transplanted cartilage, in time, becomes absorbed 
or fibrosed and conveited into fibrous tissue, studies of this transplanted 
cartilage, as shown in Figures i and 2, have definitely convinced the author 
that this IS not true, but that cartilage remains permanently as cartilage 
The behavior of tiansplanted cartilage in remaining as such led to the belief 
that cartilage might be transplanted after death, and still retain its character, 
which, if true, would solve some of the difficulties of ear 1 econsti uction It 
was necessary to determine (i) Is the behavior of elastic cartilage identical 
with the behavior of rib cartilage? (2) Could elastic cat tilage be employed 
as a heterogenous graft? (3) If it could be employed as a heterogenous 
giaft aftei death — how long after death would this be possible? Accordingly, 
a series of experiments were performed upon rabbits to answer these questions 
Rabbit A was killed, and one hour aftei death five pieces of ear cartilage 
were removed Two of these were placed on ice dry, and two on ice moist in 
Ringer’s solution The fifth piece was planted in the abdominal wall of 
Rabbit B Each hour thereafter another piec e of ear cartilage was removed 

* Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6 , 7, 1939 
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from Rabbit A and planted in the abdominal wall of Rabbits C, D, E, F and 
G, respectively At the end of 24 hours a piece of wet and dry ice-box car- 
tilage was planted m Rabbit H, and at the end of 48 houis this was repeated 
in Rabbit I These rabbits wei e watched for a period of six months, one how- 
ever, dying in the interim , namely, the thi ee-hour rabbit After six months 



Fig I — Rib cartilage after autogenous transplantation for ten >ears Fig 2- — -Rib cartilage after 

autogenous transplantation for 
eight >ears 


the wounds weie opened, the cartilage removed and sectioned (Fig 3), and 
with the exception of the dry, iced cartilage all were intact, and showed the 
characteristics of cartilage, though the cell spaces weie vacuolated, the nuclei 
having disappeared, and the cartilage dead This answered the three ques- 



Fig 3 — Experimental rabbit ear cartilage after six Fig 4 — Preser\ed rib cartilage after two 
months’ heterogenous transplantation years’ transplantation 


tions to be detei mined in the affirmative, establishing the fact that heterogenous 
cartilage grafts remain as caitilage, the cartilage letammg its form even 
though cellular death has occurred 

Shortly after this an ear cartilage was removed from a person soon after 
death and transplanted into the abdominal wall of another individual, with the 
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idea of employing it Jalei to reconstruct an eai One yeai later this cartilage 
was distinctly palpable undei the skin, but unfoi tunately the patient drifted 
away and it w'as ncvei possible to obtain nncioscopic sections of it or to com- 
plete the leconstiuction About this time the author became acquainted with 
the splendid woik being done by O’Connor and Pierce^ on pieserving excess 



Fig 7 — Shows implantation of preser\ed car Fig S — Shows the implanted cartilage with 

tilage (a a ) Represents incision in the hair line its skin covering raised and brought forward leav 

(b) Shows ear cartilage placed under skin flap ing a raw surface behind the new ear and over 

(c) Represents puncture holes through the car the mastoid region This is covered with a free 

tilage for anchorage (d d') Shows line of incision stent skin graft 

for the second stage operation 

nb cartilage indefinitely, and its satisfactory employment in various recon- 
structive procedures, and all credit should be given them for the valuable 
adjunct to plastic surgery this proceduie has advanced Since their work, 
not only experimentally but clinically, has shown that the employment of 
preserved nb cartilage is practicable, why should not the same hold true of 
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ear caitilage^ Clinical expeiience has shown that ear caitilage behaves in 
the same manner, and thus it can be collected, preseived and stored for future 
use, and employed as a scaffold upon which to build a new ear Pieice and 
O’Connoi have found the most satisfactoiy pieseivative to be a solution of 



Fig 9 — Double pedicle tube dap of the neck 
At the same time a dap of skm is turned on itselt 
to form the new tragus which procedure deepens 
the da\um and concha The resulting raw area is 
co\ered with a free skm graft 



Fig 10 — Lowei end of tubed pedicle laised, 
ind attiched to crus of helix Tube opened and 
diaped o\ei the ear to form the hehx 



Fig IX — Subtotal loss of ear due to automobile Fig 12 — Preser\ed ear cartilage transplanted m 
injurj the mastoid region 


aqueous merthiolate in noimal saline, i 4, and kept on ice The solution, how- 
ever, should be changed about eveiy w^eek 01 ten days 

In the employment of ear caitdages fiom cada\ers, it is found that they 
aie often too soft and pliable, but this can he oveicome by soaking for twm 
01 thiee days in a solution of formalin before being placed m the meithiolate 
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Ihis method is also applicable in the case of automobile or other injuries 
wheie pait of the ear is completely severed and the piece can be found In 
these instances the skin is removed and the cartilage stored m the usual 
mannei until such time as the eai reconstruction is deemed advisable Since 



Fig 13 — The e'lr brought for\\'ird 'ind the Fig 14 — Double pedicle tube flap raised from the 
back of the ear and mastoid co\crcd uith a stent neck 

free graft 


these caitilages aie essentially foreign bodies, and consequently may become 
loose fiom the suiioundmg tissue, it has been found that perforating the 
cartilage with small holes hefoie it is planted allows granulation tissue from 



FtG 1 5— Tube flap transferred to the edge of the Fic i6— lube flap molded to form the ne« hehx 
new ear 


both sides to pass thiough the perforations, and in this way acting as rivets 
to hold the caitilage m place 

The reconstruction of the eai is accomplished in about five stages At 
the fiist stage the caitilage, which has been previously perforated, is planted 
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under the skin of the mastoid aiea through a curved incision high up m the 
hair line In about two months the cartilage, with the skin of the mastoid 
legion, is raised, thus bunging the neu ear foiuard, leaving a law suiface 
over the mastoid and back of the new eai This area is coveied with a thin 
split-graft placed on a molded stent At a latei date a double pedicle tube- 
flap is made on the neck, about the size of a lead pencil, and long enough to 
be cairied over the eai In about thiee weeks the lower end of the flap is 
transferred to the edge of the new ear, and m thiee moie weeks the di aping 
of the flap around the new eai to foi m the helix is completed, and the excess 
removed or letuined to its bed If no tiagus exists this can be constiucted 
by infolding a flap of skin on itself and the lesultmg law aiea coveied by a 
free graft, and this proceduie at the same time deepens the concha 

Having employed this method in ear leconstiuction during the past few 
years, in only one has there been a loss of the cartilage, and this resulted 
from an infection in the giaft bed which might have occuiied by the use of 
an autogenous graft It is believed that ears so reconsti ucted, with a normal 
eai scaffold, are more sightly and satisfactoiy to the patient and surgeon alike 
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Discussion — ^Dr Vilray P Blair (St Louis, Mo ) No one who has 
never tried to make an ear can appreciate the value of this contiibution We 
have attempted many of them m some othei way, and our results lecommend 
this method most strongly In using a shell of caitilage of somewhat the 
size and shape desired, cut from the suiface of the anterioi costal junctions, 
you can make something that will stand out, give it the general outline of an 
ear, and m this way get by, because nobody looks at an eai, but will note 
its absence four blocks away Another thing that makes this timely is that, 
until recently, we were never called upon to lestoie a girl’s eais, but they are 
now exposing these last of hidden things I think one point is worthy of dis- 
cussion Possibly the outstanding contribution of the paper is the removal 
of a piece of live cartilage fiom a dead body befoie changes have occurred, 
and then burying it in the abdominal wall of the patient who is going to be 
the recipient That would give you time to study the lecipient’s tissue re- 
actions A suggestion along this line has been made by Gillies — that is, to 
dissect out the mother’s cartilage and use it as the form upon which to build 
the child’s ear I was more impressed with this suggestion after seeing some 
patients of Dr Paul K Greeley’s, in Chicago, upon whom he was cairying out 
this plan There is piobably no advantage m using the mother’s cartilage 
other than that it is available One thing I noted m the mother was that 
there was little deformity after removing the cartilage, merely a little lopping 
over of the ear, and that can be taken care of by slipping in a little bit of her 
costal caitilage One tiemendous advantage m using human ear cartilage 
is that it permits early lestoiation A great deal of psychic damage can be 
done by having a child teased about the deformity No matter what cartilage 
is used, if you can put it over, I should say it probably should be done before 
the age of five, and that is a tremendous advantage 

Doctor Pierce and Doctor O’Connor did a good deal of work with pre- 
served costal cartilage 
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Dr John Siaigl Davis (Baltimoie, Mcl ) I have been much mteiested 
in Doctoi Knkham’s lepoit I have been using cartilage transplants for a 
gieat many yeais, and lecently have gone back to tiymg isocartilage again 
My feeling is that if it is possible to obtain autogenous caitilage I think it 
ought to be used The difficulty with isocai tilage, which has been preserved, 
IS that you nevei know when the leconstiuction, which you have built with 
the pieseived caitilage, will begin to absorb Some of the transplants last 
ovei long periods of lime, and otheis absoib quite quickly I seldom use laige 
pieces of pieseived caitilage, but have found it useful for filling out small 
aieas I piefer, m leconstiuctive woik, autogenous cartilage which is fresh, 
oi has been stoied undei the skin foi as long as it is convenient 

Dr I'I L D Kirkham (Houston, Texas), closing I want to thank 
Doctoi Blau and Doctoi Davis foi this discussion Undoubtedly the use of 
fiesh caitilage is veiy much supeiior, where it can be obtained, to the use 
of any pi esei ved cai tilage Also, if you get fi esh cai tilage from a body that has 
just died, as we did in oui fiist experimental %voik and m the fiist case with 
the child, that would be piefeiable, but the objection is that whenever you 
have an eai to leconstiuct such caitilage is seldom available Another 
objection to fiesh caitilage is that when you put the fiesh cartilage under the 
skin, and it is latei taken out, it has become attached to the surrounding tissue 
and )^ou have a piece of thick fibious tissue — scar tissue which has thickened 
up — and I do not think you get such a thin eai in the final lesult 
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WILLIAM THOMAS BLACK 
1875-1938 


The life of Di William Thomas Black, which began in Stanton, Tennes- 
see, Januaiy 13, 1875, came to a close 111 Memphis, Tennessee, December 10, 
1938 His passing was sudden, the lesiilt of a heait attack dm mg the per- 
foimance of an opeiation, thus, it was gi anted to him to pursue to his last 
hour the work he loved so well 



William Thomas Black, M D 


Doctoi Black’s early education was received in public schools, and his 
piemedical training fiom piivate tutois He obtained his degree 111 medicine 
fiom the Memphis Hospital Medical College, latei the Unneisity of Tennes- 
see Medical College, m 1898, and following his internship, attended suigical 
clinics in Philadelphia, Nev Yoik, Boston and Chicago 

At the beginning of his caieei. Doctor Black practiced geneial suigery 
for several years, and m this field achieved an enviable reputation His real 
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interest, Jiowevei, was in g}'necology, and he, therefore, gradually abandoned 
general suigeiy in favoi of this specialty Thiough his intense devotion to 
his work, his capacity foi painstaking leseaich, and Ins numerous writings, he 
was soon lecogmzed as one of the leading gynecologists of the country, and 
accoidingly was tlie recipient of many lionors His professional affiliations 
included membei ships in the American College of Surgeons, the American 
Boaid of Obstetiics and Gynecology, the Ameiican Association of Obstetri- 
cians and Gynecologists, the Southeastern Surgical Congress, the Central 
Association of Obstetiicians and Gynecologists, the Tennessee State Medical 
Association, and the Southern Surgical Association Of the last three, he 
had in foimer years held the office of Vice-President He also organized 
and was the first Chan man of the Section on Gynecology of the Southern 
Medical Association Doctor Black was a popular speaker at medical meet- 
ings, his papers weie always stimulating and informative, displaying a com- 
plete grasp of his subject 

Soon after the completion of his medical tiaining. Doctor Black was made 
a member of the faculty of his alma inatei He seived faithfully in this 
capacity for more than 30 yeais, taking an active part in the affairs of the 
institution both befoie and aftei its absoiption by the Umveisity of Tennes- 
see, and progressing fiom one appointment to anothei Several years be- 
foie his death he was elected Chief of the Department of Gynecology of the 
university With this appointment, he also became Chief of the Department 
of Gjmecology at the John Gaston Hospital In addition, he was visiting 
gynecologist to the Baptist Memorial Hospital, consulting gynecologist to St 
Joseph’s Hospital, and visiting gynecologist to the Shelby County Almshouse 
We who knew Doctor Black best remember him best as a confrere, thor- 
ough in investigation, conservative 111 judgment, conscientious in counsel, and 
skillful in the practice of his ait If one should be called upon to name his 
most outstanding charactei istic, however, one would probably say it was his 
conscientiousness m all matters pertaining to his work He was keenly awaie 
of his obligations as an instructor at the university, throughout the years 
never failing to appeal in the classroom and clinic except under the most 
urgent circumstances, and always bringing to his teaching the same interest 
and thoroughness which he exhibited in his other professional activities Also, 
in all his ministrations to his patients, he was guided by a profound sense of 
responsibility, advising according to his best judgment and rendeiing service 
to rich and poor alike, regai dless of the cost to himself 

We cannot lecall that Doctor Black had any particular hobbies He was 
fond of hunting and fishing, but seldom took occasion to indulge in these 
pleasuies Rather, so absorbed was he in his work that he spent most of his 
vacations in some endeavoi connected with the profession 

In looking back over a long acquaintanceship with Doctor Black, it is 
pleasant to dwell upon those hours of relaxation when, after a meeting, across 
the luncheon table, 01 at some social function, we had the privilege of enjoying 
his genial companionship and his entertaining conversation He was the 
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fortunate possessor of a most engaging personality, which made his presence 
welcome m any gatheiing 

Doctor Black was married in 1902 to Floia May Grehan, of Appleton, 
Wisconsin She, with two daughters and one son. Dr William Thomas 
Black, Jr , survive him In his going, they lost a devoted husband and father, 
his friends lost a delightful companion, and the profession lost an able and 
lespected membei, a worthy exponent of its best tiaditions 

Robert L Sanders 
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FRANCIS HENRY HAGAMAN 

1896-1939 


1 HE sxjDDEn death of Di Fiancis Henry Hagaman m an automobile 
accident on the moining of August ig, 1939 , while he was hurrying to the 




* 



Francis Henry Hagaman, M D 

bedside of a patient, was a deplorable loss to American Surgery That it 
occurred duiing the perfoimance of duty to the suffering was m keeping 
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with the selfless devotion of Doctor Hagaman to the relief of human pain, 
the alleviation of human sorrow The keynote of his chaiacter was duty to 
men and to his Divine Maker But his feeling went beyond the dictates of 
duty, It extended through gentlest consideiation to deep and tender love 
To noteworthy skill as a suigeon, he added that crowning achievement of chai- 
acter — heaitfelt sympathy, the piecious balm foi all wounds, whethei of body 
or of spirit 

Doctoi Hagaman was of the notable Dutch stock that emigiated fiom 
Holland to New York m the early days of American histoi}^ and that has 
furnished our country so many of its admiiable citizens The original Haga- 
mans came to the colony of New Amsteidam about 1650, latei descendants 
of the family moved to Someiset County, New Jersey, settling neai Flemmg- 
ton In subsequent times, a bianch of the Hagamans came South, selecting 
as their home Centreville, Mississippi, where, on August 19, 1896, the subject 
of this memoir was born, the eldest of the foui childien of Dr R L Hagaman 
and his wife Vernon Darden Hagaman, his sue contiibutmg to his son a 
passion for seivice to humanity through the piofession of medicine 

He attended the giammar and high schools of Centieville, fiom which he 
was graduated m 1911 He spent the academic yeai of 1912— 1913 in at- 
tendance at the College of Arts and Sciences, Tulane Umversit}, where his 
study was devoted to premedical work During the summer of 1913 he took 
a business course Aftei its completion he worked as a clerk for the Cori- 
Willianis Tobacco Company, Jackson, Mississippi, until the fall of 1914 He 
then entered the Tennessee College of Medicine at Memphis, where, in 1916, 
he completed the first two years of the medical couise From 1916 to 1918, he 
studied in the Medical College of Tulane Umveisity, from which he was 
graduated with the degree of Doctor of Medicine on June 5, 1918 

On July 12, 1918, he eni oiled for Naval Seivice at Raymond, Mississippi, 
and served as Lieutenant, Junior Grade, Medical Corps, U S Navy His 
active duty dated from November 6, 1918, to December 15, 1919, when he 
was honorably dischaiged The period of his active duty was paitly spent 
at Washington, D C , where he was attached to the Naval Medical School 
during the influenza epidemic of 1918 At the time of his discharge he was 
stationed at the Naval Hospital, Gulfport, Mississippi, but vas enrolled m the 
Naval Reserve Force until September 30, 1921 

In January, 1920, he took up the general practice of medicine 111 Sardis, 
Mississippi On October 31, 1920, he was married to Edwina Short at 
Centenary Methodist Church, St Louis, Missouri Her wit and chaim con- 
stituted for him a never failing source of happiness 

He served as Assistant Supei mtendent of Mississippi Charity Hospital, 
Jackson, Mississippi, from January, 1922, to March, 1925, when he want to 
New York City, where he served as a resident in the Hospital for Ruptured 
and Crippled Children There he came under the influence of Dr Royal 
Whitman, whose famous technic he admiringly adopted as a model m his 
own subsequent practice In May, 1926, he returned to Jackson, Mississippi, 
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wlieie on July i, 1926, he formed a partnership with Dr H R Shands, a 
connection which was continued until his death He was elected to mem- 
bet ship in the Southern Surgical Association in 1936 

He IS sui vived by his widow and by a son of 17, who gives every promise 
of worthily emulating the character of his lamented fathei 

The tiagic takmg-off of Dr Hagaman at the early age of 43, prevented 
the harvest of a widespread fame that would have resulted, m due time, fiom 
a moie extended lecognition of his skill, expertness, and versatility in the 
vaiied fields of suigeiy to wdiich he devoted himself with untiring application 
and ceaseless energy His main interest at the end, as at the beginning, of 
his practice was m oithopedics, in wdiich branch of work he had no superior 
in the state of Mississippi The most precious dream of his life w^as to render 
the utmost possible scivice to ciippled childien His successful treatment of 
them, during the decade of his connection with the Mississippi Baptist Hos- 
pital at Jackson, contiibuted not only immeasuiable benefit to his patients 
but also illuminating inspiration to the members of the profession 

To provide the needed recreation of physical strength strained by arduous 
devotion to his labors, he adopted as hts hobbies photography and horseback 
iiding In both of these he became, for an amateur, exceptionally accom- 
plished, so deeply ingrained was thoioughness as an element of his character 
The untimely demise of Doctor Hagaman bereaves the piofession of surgery 
of a skilled, conscientious, scientific piactitioner , the State of Mississippi, of 
an estimable citizen, his church, the Presbyterian, of a faithful parishioner, 
his family, of a dearly beloved husband and father , and the Association, of a 
most woithy member — tiieless, patient, skilled surgeon that he was, friend to 
all living things, a servant of life itself Need moie be said^ 

Harley R Shands 
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REGINALD H JACKSON 
1876-1939 


In the death of Reginald H Jackson, the medical profession lost one 
of its most distinguished members, and Wisconsin one of its most revered 



Reginald H Jackson, MD 


citizens Doctor Jackson possessed, to an unusual degree, those qualities of 
mind and heart that endeared him to all those vith vhom he came in contact 
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Pei haps his outstanding chaiacteristic was the tenderness with which he ap- 
pi cached his suigical duties 

lie despised mediocrity and iievei tiied in his quest for knowledge, yet 
his gieatcst joy was the alleviation of the suffering of his patients Doctor 
“Reg,” as he was fondly called by his friends, was always a true and loyal 
fiiend, a counselor, a student as well as a teacher He was a great student 
of pathology and always insisted on a peisonal study of the gross and micro- 
scopic specimen on the completion of an opeiation At the operating table, 
he insisted that tissues be handled with extieme gentleness and care 

Pei haps his outstanding piofessional attainment lay in the originality 
of his contributions to both the fields of medicine and surgeiy His keen 
diagnostic sense was alnays the last couit of appeal foi his associates As 
such, he inspired the highest confidence in all who knew him 

Doctor Jackson was keenly interested in the betteiment of the medical 
piofession and always suppoited its highest ideals He made numerous con- 
tributions to the medical liteiatuie and the many scientific papers he pre- 
sented to the vaiiotis medical societies are evidence of his intense interest in 
his work He was a member of his County and State Medical Associations, 
seiving as piesident of the Wisconsin Medical Society in 1933, American 
Medical Association, the Southern Suigical Association, the Western Surgical 
Association, of which he was president in 1935, and of the Ameiican College 
of Suigeons 

Reginald Heniy Jackson was boin Januaiy 17, 1876, in De Pere, Wis- 
consin, and was the thud generation of suigeons in his family His father, 
the late Di James A Jackson, and his giandfathei, Di Joseph Hobbins, came 
to Madison fiom England in 1853 His mothei was Josephine Hobbins 
Jackson 

When Doctor Jackson was a small child, his family moved to Madison 
where he had since made his home He began in his youth to \\ork with his 
father, then one of the pioneei surgeons of Wisconsin 

After completing his academic studies at the University of Wisconsin, 
Doctoi Jackson went foi his medical training to the College of Physicians and 
Surgeons at Columbia Univeisity, New Yoik City After his internship 
he became house suigeon at the Presbyteiian Hospital in New York Aftei 
his return to Madison, he became impiessed with the clinic idea and with his 
father and brotheis, James and Arnold founded the Jackson Clinic He 
served as head of the Clinic and was Chief-of-Staff of the Methodist Hos- 
pital until the time of his death 

Doctoi Jackson mairied Elizabeth Bieese Stevens, June 4 > 190S Their 
only child, Di Reginald Jackson, Ji , had for the past thiee years been his 
fathei’s assistant and is continuing on the staft where his father served so 
skillfully and with such tireless energy and idealism 

Robert L Payne 
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WILLIAM BATTLE MALONE 

1874-1939 


William Battle Malone, a Fellow of the Southern Stngical Association 
since 1916, and Vice-President in 1923, was born July 4, 1874, at Biowns- 



Wttltam B \ttli: j\rM.ONE, "Vr D 

ville, Tennessee, and died on Septeinbei 4, 1939. at Memphis, Tennessee 
After graduation fioin Webb’s Preparatoiy School at Bell Buckle, Ten- 
nessee, he completed the classical course at Vandeibilt University, receiving 
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the A B degree, atm laude, in 1896, and the M D degree from the University 
of Tennessee College of Medicine, in 1899 

Aftei saving his internship in New York, m 1900, he returned to 
Memphis and became associated with the late Dr William B Rogers, a dis- 
tinguished teacher of suigeiy of that period, who exeited a profound and 
lasting influence upon his students and whose mantle fell upon the shoulders of 
Doctoi Malone, who succeeded him as Professor of Surgery in the University 
of Tennessee College of Medicine, in 1913 He was a most worthy successor 
and disciple of this great surgical pioneei, carrying on his high concepts of 
ptofessional duty and skill which maik, always, the Master Surgeon 

At the outbieak of World War, Doctor Malone was commissioned Major 
in the Medical Corps of the Aimy Serving overseas with the AEF, he 
was awarded the Distinguished Seivice Medal “for exceptionally meritorious 
and distinguished services as chief of surgical teams in hospital formations at 
the front through all combat activities of the Ameiican Expeditionary Forces 
fi om the Cantigny offensive to the dose of the Meuse- Argonne offensive ” 
Alwaj's a leader in organized medicine, giving freely of his time and 
talents, Doctoi Malone was a past president of the Memphis and Shelby 
County Medical Society, a past piesident of the Tennessee State Medical 
Society (1928), a past president of the American Association of Railway 
Surgeons (1917) , a Fellow of the Ameiican College of Surgeons, and Vice- 
President of the Southern Surgical Association (1923) 

Long will he be lemembered and reveied because of his contribution to 
the organization and development of the Methodist Hospital, of which he was 
Chief-of-Staff from its founding in 1921 To those of his confreres who 
knew him, the Methodist Hospital will always be a memorial to his genius 
and an expression of his love for suffering humanity 

William Battle Alalone, to the manor boin, represented all that was 
ethical in the piofession — kindly, loyal and honest Loved by those who 
were privileged to know him well, respected by all for his sterling traits 
of character, a gentleman and Master Surgeon, his like will not pass this 
way again soon 

Well may it be said of him 

"His life was gentle, and the elements 
So mix’d in him that Nature might stand up 
And say to all the world, T/iis was a man 

John Lucius McGehfe 
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SYMPOSIUM 

FLUID AND ELECTROLYTE NEEDS OF THE SURGICAL PATIENT 


The Structure of the Blood in Rel\tion to Surgical Probleims 

John P Peleis, M D (by invitation) The proper conduct of the ph} siological processes 
of the bod^ requires that the composition as ^vcll as the \oIiime of the fluids in the 
body be maintained The components tliat requne the greatest consideration are the 
salts, which maintain the osmotic pressure and deleimine the distnhution of water 
betwwn cells and the inteistitial fluids Opeiatnc procedures aie peciiJiarh prone 
to disturb water and salt relations and tlieiapeutic efforts ha\e often enough not been 
directed towards the restoration of natuial conditions Too much emphasis ha*^ been 
laid upon the le^f oration of fluid volume rathei tlian composition, and often salt 
depletion has been exaggerated by methods that wash salt fiom the body and adminis 
tration of excessive quantities of fluids without salt The nutrition of the patient is 
loo often neglected wuth the result that patients develop protein deficiencies which 
lead to edema Case reports will be used to illustrate these enors and also to outline 
methods of treatment b\ which the) ma) be avoided 

The Preser\ vtion ot Blood 

David C Bull, M D (by invitation) and Clniles R DrevN MD (b\ invitation) 
The intelligent use of pieserved blood requires knowledge as to wlierein and to what 
extent it differs from fresh blood To this end certain ohserv^ations have been made 
on the changes taking place in the cells and the electro!) ie« I he white cell and 
platelet counts fall 50 per cent oi more in the first two or three da)s but the erytlirocvte 
count remains little changed for a month though the individual cell shnnl s and 
much of Its hemoglobin is to be found in the plasma An important factor in the 
degeneration of the celL i^ their loss of potassium bv diffusion into the cerum This 
plienomenon is hastened b> liauma but is little influenced bv the t)pe of preservative 
or container Though the plasma potassium uses as much as tenfold and polas'^ium js 
definitely ^ toxic substance, the tiansfusion of preserved blood should be ^^afe on this 
score except perhaps vvlien large amounts of blood are given rapidlv in conditions 
involving hyperpotassemia The vaiiation*^ in the other electrol)tcs are of interest 
ph)siochemicallv rathei than clinicallv 

The Plvsaia Proteins or Presermd Blood 

John Scuddei M D (b) invitation) Fadoi^ govermni: the cdlular elements electro 
l)tes h)drogen ion concentiatmn lactic acid and lilood ‘-ugar in preserved blood 
have been investigated This communication deals witli the nrotcuK In plasma there 
ate five main proteins albumin alplia licla and aamm i glfdmlin and fibrinogen Their 
total concentration amnunl« to aiound -evn pr r rnit C»t'*atM! Idood v,as ‘Stored for 
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\ar>ing lengths of tjme in a refrigerator Samples of the plasma were removed and 
after dilution and dialysis for 48 hours ^\ere placed an a Tiselius apparatus As the 
different components of the plasma move with different speeds when subject to an 
electric current, a photograph may be taken showing these different proteins From 
lliese pictures tlie total as well as the individual amounts of the different proteins may 
be obtained Certain preliminar> remarks may be made Post mortem plasma is 
definitely abnormal Lyophilwed serum under the present methods of manufacture, 
reveals certain disturbances Plasma from normal individuals when stored in proper 
shaped flasks and kept in an ice box, shows less denaturation than when stored in 
large flasks at room temperature Reactions in plasma transfusion may be minimized 
by giving heed to these simple precautions 

Sodium Chloride Metabolism of Surgical Patients 

Walter G Haddock, MD (by invitation) Disease of or operations upon the all 
mentary tract often interfere with the normal intake of sodium chloride, and at the same 
time may cause abnormal losses of this important electrolyte The need for replacing 
these losses lias been ■well established and is belter earned out with a knowledge of 
sodium chloride metabolism Facts pertinent to the simple handling of this problem in 
surgical patients are presented 


Loss OF Fluid and Salt Associated with Suction Drainage of the 
Gastro-Intestinal Tract 

Grover C Penberthy, MD, and (by invitation) J Logan Irvin, Ph D, and R Mayo 
Tenery M D The importance of supplying sufficient fluid, electrolyte and nutrition 
to pat ents during suction drainage applied to the gastro intestinal tract has been fre 
quently stressed The difficulty of supplying adequate fluids, salt and food by the oral 
route to patients with a tube draining the stomach or duodenum is self evident and in 
addition the loss of fluid and salt from aspiration of stomach and duodenum makes ade 
quate replacement by other routes important The fluid lost through suction drainage 
at the ileum even when great, may be replaced through increase in the oral intake Nu 
trition and fluid requirements can be maintained more easily, the lower the suction is 
applied Regardless of the position of the tube during suction drainage, adequate intake 
output studies are important to prevent dehydration The regulation of intake to meet 
body needs through hunger and thirst is more likely in the case of drainage from the 
ileum than from the duodenum 

Plasma Loss in Acute Intestinal Obstruction 

Jacob Fine, MD (by invitation) Continuous distention of the small intestine in the 
dog produces a fatal loss of plasma volume Studies on the mechanism involved show 
(1) that this IS a phenomenon specific to the small intestine and does not occur ■when 
the colon, gall bladder and other hollow organs are distended, (2) that it is not due to 
dehydration, (3) that it is not due to distention of the peritoneal cavity, since short dis 
tended loops also produce a marked fall in plasma volume Decompression of the 
intestine stops the loss of plasma and facilitates its return to the circulating blood 
Desoxycorticosterone also inhibits the loss of plasma due to distention of the small 
intestine Preliminary clinical studies confirming some of the above observations have 
been made Experimental studies will be presented dealing with the effect on plasma 
volume of extraperitonealizing the distended intestine and of excluding the circulation of 
the intestine from the general circulation 
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Plasma Loss in Shock as Effected by Therapy 

A S Minot, PIi D (by invitation) Consideration of not onl> the qiiantit> of fluids 
lost but also of the quantity and t>pe of electrolytes lost with fluid in a given patient is 
necessary for successful replacement therapy Too rapid or too liberal administration of 
fluid and electrolytes may lead to complications 'Nvhich at times are as serious as those 
which arise from failure to supply them in sufficient quantity In patients in a poor 
state of nutrition or in whom there is either localized or general injury to capillaries, it 
is particularly difficult to maintain the proper distribution of administered fluid Mas 
sive edema may occur while the blood stream remains dehydrated or even becomes pro 
gressively more dehydrated Under these conditions the administration of colloid is an 
indispensable factor in the restoration of fluid and electrolyte equilibrium 

Hypoproteineimia and Its Relation to Surgical Problems 

I S Ravdin, M D The serum proteins are the major factor in keeping fluids in blood 
vessels Too much attention has been paid to the administration of water and salts and 
not enough to the forces that keep these in blood vessels Certain profound biological 
effects may occur as the result of hypoproteinemia Hypoproteinemia, resulting in gastro 
intestinal edema, retards gastrointestinal motility The edema may cause such retarda 
tion of emptying of the stomach at the site of a new anastomosis as to mimic in ever}^ 
way a technical defect of the operation It also increases the period of delay in wound 
healing and thus may be a factor m wound disruption It is important that the labile 
stores of protein in the body be maintained An adequate amount of protein in the diet 
prior to operation will reduce the incidence of injury to the liver following the use of 
volatile anesthetics The susceptibility of the liver to injury may be profoundly influ- 
enced by diet Adequate protein in the diet is important in conditioning the liver for 
minimal injury The parenteral administration of ammo acids has not corrected hypo 
proteinemia in our cases The importance of gastrointestinal feeding in the presence of 
nutritional deficiency will be pointed out 

Fluid and Nutrition Maintenance by the Use of an Intestinal Tube 

W Osier Abbott, MD (by invitation) For the average surgical patient the problem 
of preserving the fluid and electrolyte balance is relatively simple The cases of chronic 
gastrointestinal disease lequiring operative relief are more difficult to manage because of 
the starvation wdiich is often present, not only for a variable time before operation, but 
often for some days tliereafter While this can be remedied to a degree by parenterally 
administered solutions we believe that in the presence of pyloric obstruction, jejunal 
feeding is often preferable We have, therefore, used a double lumened tube passed 
tlurough the newly formed stroma One lumen is used for keeping the stomach empty, 
the other for the intra intestinal administration of food In conditions leading to ob 
struction further down the tract a long intestinal tube, by emptying the gut content^ 
down to lesion allows the oral administration of a balanced fluid electjoI)te and fluid 
intake 

Parenteral Protein Replacement ^MTH Aaiino-Acids 

Robert Elman, M D Various types of patients suffering protein deficienc> and unable 
to ingest sufficient protein nourishment by mouth have been treated b> the inira\enous 
injection of fluid containing electrolyte glucose, and ammo acids The amino acids v\ere 
obtained by the enzymatic hydrolysis of casein Nitrogen balance has been achieved 
with regularity’’ indicating utilization of the injected nitrogen Evidence of serum al- 
bumin regeneration also been noted in a fevs ca‘=es Improvement in llie general 
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Tin R^^.uio^ 01 Pkopik PiupauvuoxX or Soluiioa^s jop Imp^ulinous 
T iirpvi’\ 10 Aliirgic and Fevep Reactions 

Cnl W i\I I) (bj iiiMtilioii) Ilospilnis re&ponfeible ior liic niciiulciianf t of 
*1 iiiiijor opcftiliiig loom jic cdptiblc of preparing a safe ‘supply of parenteral fluids 
economically A technic insuring chemical purity of the pioduct as il floAvs from the 
injecting needle is the only essential for success Ibis involves a source of fleshly dis 
tilled natcr liaMng a maMinum \oIume conductivit\ (20^ C) of 20 X 10 6 mhos, a supply 
of chemically pure electrolytes and dextrose, an easy method of meehamcally cleansing 
the inner surface of glass^\are, tubing and needles, and simple apparatus for mixing 
slenli/ing, storing and dispciiMrig the fluids Confusion of the meaning of the teims 
“chemically puie'' and “sterile'' most frequently accounts for failure A standardized 
technic pio^cn piaetical and safe in 250 liospitals \wll he demonstrated 


The QuLsrioN oi Dievinage Following Cholecystectomy 

Irvin Abell, M D , and (by invitation) Ir\in Abell, Jr, MD At present a review of 
a senes of 500 consecutive operations is being made with an idea of determining what 
in oui practice, lias constituted the indications for the employment of drainage and for 
the cases in which no drainage has been empio>ed 

PinsioLOGicAL Factors Reguiaiing the Level of the Plasma Pro- 
IIIROMBIN 

Jonathan E Rhoads, M D , by invil ition of Walter E Lee, MD The rapid purifica 

tion and synthesis of vitamin K and certain cliemical substances with vitamin K activity 

have made it possible to test tlie limits of the effectiveness of vitamin tJierapv in com 

haling piothromhin deficiency The results obtained v\itli several of tliese siihstance'* 

will he presented In this senes about 15 per cent of the patients failed to respond to 

substances with K activity It has been possible to show that liver damage per se can 

cause protiiiomhm deficit ncy and tiiat in the experimental animal it is much easier to 

pioduee prothrombin deficiency by liver damage than by bile salt deprivation Finther 

more, such liver damage acts directly and not merely through interference with bile salt 

formation This type of prolhromliin deficiency in animals re^^ponds poorly or not at all 

to Mtamm K From this u has been predicted that failure of patients to respond to 

vitamin K tiierapy implies severe liver damage Clinical evidence and autopsy material 

Will he presented to show that this is actually the case Tlit management of prothrombin 

deficiencie® that do not respond to vitamin K therapy by measures planned primarily to 

restore liver function vmII be di‘^cussed 

\ 

Cholecystitis A^’D CnoLELniiiAsis Produced Eaperiaientally by the Rr- 
FLU\ OP Pancreatic Secretion 

J Dewey Bisgird, M D , ind (b> invitition) Chailes P Baker M D I ha\t rtcenl]\ 
completed a senes of studies in itlucli I liave produced acute and dnonic. cliolecjstitis 
and also bile pignitnl stones in experimental animals b) causing pancreatic secretions to 
enter the gall bladder This has been produced by a mechanism which is not only pos- 
sible but also probable in man I believe, therefore, that I have strong evidence in favor 
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of the theoi) of lefiux of panciealic irecietions as an iinpoilant etiological factor in the 
procliiclion of gall bladdei disease To my knoAsledge tins is the fiiM time that ^ 
have been produced in expeiimental animals b) the method of refliiv The an oik differ-- 
fiom that of Wolfer and others m that the reflux has been produced in a mannei an Inch 
IS physiological and an Inch could easily occur in man I also haAc chemical and b ic 
tenological studies of the gall bladder bile and histological studies of the gall bladd( i 
liAer, pancieas and kidneys This experimental data is supported Iia obserAation of the 
piesence of the pancreatic ferments in the gall bladder of a fcNN patients ANith acute 
cholecystitis and other peitinent evidence 

Ileostoiviy 

Heniy W Cave, M D , and (by invitation) Wm F Nickel Jr, M D ^nigiral inea« 
ures are being successfully earned out in an increasing number of patient s suffeiing 
from intractable ulcerative colitis As curative procedures appendecoslomy cccoslomy 
and colostomy haA^e proven of no Aalue Ileostomy alone in some instances has pro\cn 
curative in certain stages of the disease Questionnaires sent to various surgeons haAc 
resulted in obtaining interesting infoimation As the first stage of total colectomy it is 
inA^aluable in appioximately 85 per cent of the patients operated upon The ly^pe of ileos- 
tomy'^ ANdiicli has pi oven successful in our hands Avill be discussed A detailed account of 
the care of ileostomy Avill be given Many of these desperately ill patients ANdien fiist seen 
aie not good surgical risks even for ileostomy^ Preoperalne preparation an ill be dis 
cussed In the acute fulminating, lapidK fatal form of the disease earK deviation of 
the fecal stream by means of a double barrelled ileostomy might proAc adAantageou^^ 
The teclinical pitfalls aviII he discussed 

The Diagnosis 4ND Surgical Management of Leiomiomas vm) Leioaiyo- 

SARCOMAS OF THE StOMACH 

Flank H Laliey, MD Because of the fact that lcioniyonia«^ occiii as localized t neap 
sulated giOAvths tending to piojecl into the gastric cavity thcA are apt to become ulcei 
ated at their point of maximal projection This not infrequenth results in seiiotis 
hcmatemesis Because of these hemonhages and the fact that the tumois caucc digc^^tive 
SAinploms, these patients are often treated for peptic ulcei Adequate \ ray examination 
readily reveals these lesions From their tendency at first to he local and encapsulated 
their diagnosis is not difficult Exchisi\e of hemonhage m the lelomyoma^ aniIIi nice ra- 
tion or central necrosis, they aie cliiefly dangerous because the\ aie pione to saieomatmis 
degeneration In certain cases as an ill be sIioanu by removed specimens and roentgeno 
grams it is possible to state anUIi certainty^ that the lesion is benign In others as an ill 
be shoANn by specimens and roenlgenogiams, it is possible lu 'itale that the 1 *= 

definitely sarcomatous, but in an intermediate group it is impossible to settle preopera 
tively ANhether or not the lesion ^sarcomatous Of six patients ANitli leiomyoma^ four 
shoANcd sarcomatous degeneration Because of this dangei all leionnnma«s of the «lom 
ach should be removed by subtotal gastrectomy in ordei to In certain that an adequate 
amount of stomach is remo\ed should the pathological leport piONc to In ‘sarcoma 
These lesions have occurred as single leiomyomas, as single h loniy o^sarrornas and 
multiple leiomyosai comas involving the entire stomach The patients ha\e In cn tuated 
surgically by subtotal gastrectomy and La total ga^sticclonn fhere has been rm mortaIil\ 
and a folloAN up of the ca*^es is ‘submitted 

Abdomiival neoplasms or Npukoglivic Ojogiv 

Heni3 K Ransom, MD A brief roMcM of the mculfnct di'-lriliiition aiui jidtlioloi;' of 
l!ie neurofibionidta dlong d (Ii-cu'-<=ion of llieii In-tnaeiK tic and clT^sififatifin A 
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pioiij) of 1C microstopicall) \erified neurofibromata arising within the abdominal cavity 
IS presented These tumors may simulate a variety of lesions such as carcinoma of the 
stomacli, colon or rectum as well as pancreatic cysts and retroperitoneal sarcoma In 
the later stages, there ma) he serious complications such as intestinal obstruction, m 
ttrnal fistulae involving the intestine, colon, or bladder, and occasionally the tumors 
may undergo malignant degeneiation Some of these more unusual abdominal neoplasms 
which were onginally regarded as sarcomas and myxomas have been reexamined and 
in tiie light of more recent knowledge, found to belong to the neurofibroma group De 
tailed reports of certain illustrative cases are given, together with sketches, roentgeno 
gituns, pholograplis and follo^v up notes 

Hi PAum IN THn Pkcvention or Peritoneal Adhesions Report of Prog- 
ress 

Edwin P Lclniion, M D , and (b> invitation) FJoyd Boys, M D A preliminar) ev 
pcriniental report on llie use of heparin in the prevention of intraperitoneal adhesions 
(Lehman & Boys, Annals of Surgery, March, 1940) presented evidence that heparin 
introduced into the peritoneum was followed by the reformation of 25 percent of divided 
adhesions as compared with the leformation of approximately 150 percent of divided 
adhesions in various control groups At the time of this report three out of 24 dogs 
had died of inlrapentoneal hemorrhage and this occurrence was presented as a possible 
dcleirent to clinical use of the method The present report will present data on a senes 
of experiments dealing with the danger of hemorrhage, with dosage and with methods of 
administration of heparin Data on the relationship of hepann to contamination of the 
peritoneum and on the effect on adhesions of general, as opposed to local, heparinization 
v\ill also be presented 

The Prevention of Ischemic Gangrene following Surgical Operations 
Upon the Major Peripheral Arteries by Chemical Section or 
THE CeRVICO-DORSAL AND LuMBAR SyMPATHETICS 

Idys Mims Gage, MD, (b> invitation) and Alton Ochsner, MD The sudden occlu 
Sion of a major peripheral artery either by ligature or embolus results in ischemic 
gangrene, necessitating amputation of an extremity in a rather high percentage of cases 
A comparison of the incidence of gangrene following surgical treatment of aneurisms, 
gunshot and stab wounds, and emboh of the major peripheral arteries is presented and 
discussed The prevention of ischemic gangrene by preoperalive development and post 
operative maintenance of an adequate collateral circulation by chemical section of the 
regional sympathetics is advocated m all surgical operations upon the major peripheral 
arteries 

Experimental Studies on the Occlusion or Large Arteries 

Herman E Pearse, M D There has never been a satisfactory method devised for the 
gradual occlusion of the great vessels The^jriginal attempts to solve the problem v\cre 
earned out by clamps, snares or bands placed on the outside of the artery The constant 
force of the pulse against these occluding devices caused pressure atrophy and even 
rupture of the wall It appears that any method dependent upon external pressure is 
dangerous Several years ago attempts were made to gradually shut off the vessel b> 
using internal occlusion from thrombosis This principle is feasible but may be techni 
cally difficult in a deep wound because of the need of opening or puncturing the 
artery Comment is made on some further studies with the use of this principle A 
third method of attack miglit he to induce scar tissue contracture of the vascular wall 
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and perivascular tissues Sclerosing agents, chemical irritants, large amounts of fascia 
and ceUopliane have been tested for tins purpose The present report deals with the 
results of these studies on attempted gradual occlusion of the great vessels b} the prin 
cjple of scar tissue contracture in and about the vessel 

Aneurysm of the Abdominal Aorta. Successful Treatment by Ligation 

Daniel C Elkin, M D The abdominal aorta was first ligated by Astley Cooper in 1817 
There are recorded some 25 similar operations since that time Most of these procedures 
have been carried out for iliac aneurysm It has been done nine times for aneurysm of 
the abdominal aorta, but has rarely been successful Matas’ patient survived 17 months 
and Brooks’ three Both died of conditions unrelated to the disease The patient here 
reported was operated upon June 1, 1939, for a large aneurysm of the abdominal aorla 
at the bifurcation Partial occlusion was obtained b> two ligatures of cotton tape placed 
just above the aneurysm, which was undoubtedly due to arteriosclerotic changes in the 
aorta Calcification of the vessel made the placing of the ligature difficult and hazardous 
The patient had no disturbance of circulation of the extremities The aneurysm is now 
reduced to a small indurated mass witliout pulsation and is giv^ing no symptoms Ab 
dominal pain, which vs as severe, has disappeared The patient has returned to his duties 
as a country preacher and is able to be on his feet a greater part of the day and drives 
his car Various methods of ligating the aorta are discussed The history of previous 
cases IS briefly reviewed with reproductions of illustrations of those of historical interest 
Collateral circulation to the extremities after ligation of the aorta is considered 

Gardio-\ \scuL\R Symptoms Presented by Patients Having Caaernous 
Hemangiomata and Varicose Veins 

Walter E Lee, MD, and (by invitation) Norman E Freeman, MD Four patients 
vMth cavernous hemangiomata and varicose veins form the basis for the present report 
In three of these individuals the reflux of blood into the angiomata produced marked 
changes in the cardiovascular physiology Osteohypertropliy was the predominant fea 
lure in two patients In one individual, a defect m the Ijmphatic valves was also present 
which resulted in a chylangioma of the scrotum and thigh Ligation of communicating 
veins with defective valves brought about relief of symptoms m three of the patient^ 
This sjonptom complex was first described by Klippel and Trenaunay in 1900 A similar 
condition was discussed by Parkes Weber in 1918 Sporadic reports of ca‘-es liave ap 
peared in the American literature 

Arterioatenous Fistula Experimental Obsera'ations and a Critical Re- 
A lEAV OF Eighteen Clinical Cases 

Emile Holman, MD Observations made in a number of experimental animals, in- 
cluding three puppies, one puppy acting as a control and two puppies having had an 
arteriovenous fistula produced between the aorta and vena cava when three months old, 
and allowed to live for a year thereafter, these observations made upon the increased 
capacity of the vascular s}stem in the presence of such a fistula, it being a new approach 
as to whether or not there is an increasing blood volume m the presence of a fistula 
We have demonstrated that there is a dilatation of the entire vascular system included 
in the short circuit, namely, heart, proximal arteries and proximal veins To fill this 
increased capacity there must of necessity be an increase in the blood volume as has 
proved to be the case in these puppies Other experimental observations Iiave to do vsith 
the effect of this increased blood volume on the blood pressure and pulse, and the effect 
of the size of the fistula upon the subsequent sequence of events Pertinent observations 
in the clinical cases, covering these points, will also be revacv\ed Variations in the 
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tiiitlinc ‘'i/(, follouiii" (111 ct-lal)Iislini(,nt of tlit arleiJo\enous fistula tMll also be covered 
In one clinical case v\c cccic fortunate enough to ha\e accurate observaUojis o\er a period 
of Mcen >(ars during nlnch time lepeatcd \ rays slioctcd the gradual development of 
taidiir d((onip(n‘:ation and its complete coircction after the closure of a suhclacian 

Kllvjim Lor VI EnuiiNo oi Sulfanilamidl, Suli ap^ridine and Sulpa- 

iniO/OL JA CONrAMIJVAJED WoUNDS 

J Allan Kt>, MI), aiul (1)> lUMUiion) Cliailcs J Fiankel, MD Compound frac 
of lla nh^ aio piodiimi in a scijes of laboratory animals The ^vound is sAvabbed 
with a \inilcTU culture of stapbylococcu*? aiircu*; Crystals of one of the abo\c mentioned 
dnijis art implanted in the ^voiind and the ^vound is sutured This 'work is now in prog 
less and It IS not pos^^iblc at this time to state what the conclusions wall be PreMous 
woik In Jins( n John^rud and Nelson and by one of us has shown that the local implanta 
tmn of sulfanilamide will pre\ent infection m most contaminated wounds This has 
hetn pio\cd clinicall} and experimentally In tlie present paper we are merely endea\or 
ing to determine whcthei or not cithei of the newer, and appaienily most important 
idditions to this «encs of drugs is mnie efficient than sulfanilamide in this respect 


Tiil RxVtl or Hcaung or Tendons An Experimental Study or Tensile 
Strength 

Mach icl L Mason MD, ind (by in\itition) Harvey S Allen, MD The flexor carpi 
ulnaiifc and extensor carpi radiabs tendons in the dog lia\e been divided and immedi 
alely sutured and a ca^^l applied At \ aiding inter\als following suture the tendons have 
been lemoved and the strength of union tested against a spring scale It has been 
found that following an initial diop in ten'^ile strength below the strength of the suture 
m fresh tendon, that there is a gradual inciease in strength of union This rale of in 
Mca^^e, howevei, is subject to many variable factors prominent among which is that of 
function A study has been made of the effect of \anous periods of immobilization upon 
the «itrength of the tendon at differtiu periods in Us healing process Previous expen 
ments ha\e shown that there is considerable variation histologically between specimens 
of the same chronological stage in healing These ^anatlons aie probably due to tech 
meal operate e difficulties, differences in actnity of the animal after operation infection, 
etc and these factors must be e\aluatul in di awing any conclusions from tensile stiength 
experiments Ihe results at piesent indicate that tendon healing follows the general 
laws of healing as delei mined by Carrel, narve\, and others but that the rate of increase 
of strength of tendon is moie rapid if some function is pei milted toward the end of the 
period of fibroplasia Certain results also apjiear to indicate that continuous immobiliza 
tion beyond a certain penod of time is associated with a reduction in tensile strength 

The Efpi cis or Pressure on Tissues An Experimental Study or the 
Eefects or Temperature or the Survival or Anemic Tissues 

Biiiiey^ Brooks, MD, and (by invitation) Geoigc W Duncan, MD It i*- generalh 
Inown that varying degrees of stress and strain exist in normal tissues and that unusual 
amounts of intermittent or constant picssure applied to tissues produce pathological 
changes Tlie effects of different amounts of pressure applied for different lenglhfc of 
time upon the various tissues of the living animal are not definitely known The tad of 
llie lal IS particularly well adapted for tlie experimental study of this prohlerr, heeau'^ 
the animal may be easily restrained and the tail contains so large a number of different 
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stiuclures rcadilv subjected to kno^vn pressuics for mea^iucd Icncili'- of time In a 
senes of experiments it ^\as found that the amount of pressure and the longlli of lime 
for producing massive necrosis ^\eie lemarkably constant in heallln animals kept at 
ordinary room tempeiatuie The pathological changes produced b> amounts of pie^^^ure 
or periods of time slioit of that necessary for massne neciosis ^\e^e also studied 
Epithelial liypeiplasia, fibrosing myositis and nerve degeneration were obiicned Modi 
fication of the temperature of the tissues during periods subjected to pre^^sure found 
to be a powerful determinant of the length of time necessai} foi pre^^^siire to produce 
massive necrosis 


Further Anesthesia Studies with PnoroELEcrRic 0 \yhli\ioglobino- 

GRAPH 

Frank W Haitnian, MD, (by invilation) and Roy D MiCiuic, MD fhrough the 
work of Kurt Kramer m 1933 and 1934, the measuiement of ox} hemoglobin in the 
circulating blood was first accomplished The Kramer method involves the isolation of 
an arter^^ and the direct application of a photoelectric cell The iceord is made b> a 
galvonometei on photographic paper Other investigators have shown that capillary 
blood may be used to determine oxygen saturation providing the capillaiy bed is first 
dilated with heat The latter observation makes it possible to apply Kramer’s principle 
^^nd determine the oxygen saturation from a fold of skin New photoelectric cells have 
been devised along with amplifying apparatus which allows the recording to be made 
with ink on a moving drum of paper Prolonged observations with both the Kramei 
machine and our own apparatus aie presented, showing the curves of oxvgen saturation 
as produced by various sedatives and anesthetics in common use Method of preventing 
and combating anoxia as v\ell as us clinical measurement is discussed 

Congenital Pyloric Stenosis 

D E Robertson, MD This papei will levicw the result of about 450 cases of pvlonc 
stenosis that liav^e been treated by surgical operation at the Hospital for Sick Children 
Toronto It will compare the occurrence of tlicse cases with those published where 
statistics are given as to sex and the lelation to primogeniture A special discussion i^ 
given to cases of twins The technic of the Ramstedt operation is described in detail 
and moving pictures v\ill be shov\n of the infants before during and after operation in 
a pair of maternal tv\ins 

Gastric Acidity Before and After Operatim: Procedlre wiih Special 
Reference lo the Role of the Pylorus and Antrum A Pkl- 
luminary Report of a Clinical and Experimental Study 

Owen H Wangensteen, M D , and {by inv^ititionl Richard L Aaico AID Lvk Hav 
MD, Benedict Trach, MD, and Slev\arl Walpole AID ^mce 1906 when Edkin^ 
proposed the idea that the p}lonc antrum placed an important roh in the regulation of 
gastric acidity, tins hypothesis has been given wide ciedence b\ suigeon- in the surgical 
management of ulcer Considerable information, both expenniental and chniral 
available to throw light upon the matter Aluch of the tcslinioii) both experimental 
and clinical, is in obvious disagieement with olhei available factual data flu*- papei 
essays to appraise cnticallv the exi^^ting experimental and clinical literature upon the 
subject and lo report the results of our studies (I) In experiniental animals vMth dif- 
ferent forms of pouches and the influence of histamin and InUannnfrte prepaialjon- 
upon gastric secretion (2) Studies of pre and postoperative gastric aeidil} in patient^ 
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^sx{h ulcer after >arjous types of operation Finally, the results of studies m man on the 
nature of gastric secretion in man at night or during fasting periods 

The Surgical Management or Carcinoma of the Left Half of the 
Colon 

Howard C Naff/iger, M D , nnd (by invitation) H Glenn Bell, M D For this stud>, 
161 cases of carcinoma of the left half of the colon (exclusive of carcinoma of the rec 
turn) were revie'ived In only 74 of these was major surgery performed, the operabihty 
in the %vhole series was, therefore, 46 per cent In this analysis, attention is directed to the 
preparation of the patient before operation by general measures as well as by decompres 
Sion of tlie bowel In addiUon, an attempt is made to evaluate different types of opera 
tion by means of the live year results obtained, and a detailed study of the deaths in the 
series is included 

The Repair of Inguinal Hernia with Transplantation or the Cord to 
THE Femoral Canal 

Win F MacFee, M D Exposure of the inguinal canal and excision of the hernial sac 
are done through the usual incision and in the usual manner The defect in the trans 
versalis fascia is closed 'ivith interrupted sutures The upper and lower surfaces of the 
inguinal (Poupart’s) ligament are dissected free of fat and fascia and the femoral canal 
IS tlien laid open by detaching the inguinal ligament from its insertion in the pubic 
spine and freeing it along the superior pubic ramus until the femoral canal is entered 
The cord is then transferred from the inguinal canal to the femoral canal and the inguinal 
ligament is returned to its original position where it is made fast with silk sutures The 
ends of the sutures along the pubic ramus may be left long, rethreaded, and used to 
approximate the internal obbque muscle, to the inguinal ligament along its line of junc 
tion with tlie structures overlying the superior pubic ramus The external oblique is 
closed simply or by imbrication as a second layer over the inguinal canal The chief 
advantage of the procedure is that it permits complete closure of the inguinal canal 
without sacrificing the cord and testicle Since June, 1937 this operation has been em 
ployed in the repair of twenty five hernias, many of them recurrent or large hernias of 
unfa\orable type TJic results appear to justify further trial of the method 

Motor and Sensory Innervation of the Colon and Bladder 

James C White, M D , and (b> invitation) Max Verlot, M D , and Otto Ehrentheil, 
MD This report comprises the results of two years’ in\estigation of physiological 
changes in the bladder and colon which follow disease, injury, or operative lesions of 
the brain, spinal cord, cauda equina, and pelvic nerves In addition to making cysto 
metrograms, the responses of the colon to distention and its sensation have been imesti 
gated by a similar technic Tlte normal colonmetrogram is very similar to the cysto 
metrogram, except for the greater capacity of the colon The results obtained m the 
following conditions will be considered (1) Brain tumors (2) Transverse lesions of 
the spinal cord above the pelvic Msceral centers (3) The destruction of sacral segments, 
cauda or pelvic nerves (4) Tabes dorsalis and combined system disease (5) Observa 
tions 


The Problem of Prodvcing Complete and Lasting Sympathetic De- 
nervation OF THE Upper Extremity by Preganglionic Section 

Reginald H Smithwick, M D Because we found the clinical results of postganglionic 
sympathetic denervation of the upper extremity to be unsatisfactory, and because we 
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found the results of preganglionic sympathetic dener\ation of the lo'sser extrcmih to be 
satisfactory, we have been trying to develop a technic for preganglionic dener\ation 
of the upper extremity In the past five years, three methods lla^e been emplo)ed, first, 
ramisectomy (D2 and D3) and trunk section below D3 This Mas found unsatisfacloiy 
because it was often incomplete, and “relapse” of consequence due to regeneration fre 
quently followed Second, extraspinal anterior root section (D2 and D3) and trunk 
section below D3 was performed This has always resulted in a denervation which was 
adequately complete, and in excellent immediate clinical results In some instances, 
however, slight to moderate degrees of regeneration with partial return of symptoms has 
been noted months to years later Our present technic, intraspinal (intraaraclinoid) 
anterior root section (D2 and D3) and trunk section below D3, gi\es promise of being a 
satisfactory solution of the problem 
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THE SURGICAL TREATMENT OF BRAIN ABSCESS 
BY EXPOSURE AND ENUCLEATION 

Robert A Groff, M D 

AND 

Francis C Grant, M D 

Phil.vdelphia, Pv 

FKOM THE NEUROSURGICAL SI R\ ICES OF TIIF HOSPITAL OF THF UNH I RSITI OF PF\NS1M\M\ \ND 
graduate hospital of the UMMRSITl OF PFN\S^ L\ \M I inL\DI LPHI V, PA. 

The procedure of enucleation of an '‘encapsulated^' brain abscess was 
considered, by Saigent,^ to be the best method of treatment He repoited, in 
1928, without giving details, five patients successfully lieated m whom the 
abscess had been removed More recently, Vincent^ has rene^^ed the interest 
m this method of treatment and has proved its value Up to the present time, 
he has reported five patients The abscess, in each instance, was exposed and 
lemoved without rupture By oui successful use of this method of treatment 
for brain abscess m six of seven patients, ^^e wish to add fuither support to 
the piocedure of complete enucleation, and from the expeiience gamed, out- 
line the surgical management of a patient in ^^hom the diagnosis has been 
made 

Case I* — Synopsis Infiaciamal symptoms foi six zvccLs Signs of tntiacianial 
hy pel tension and btlafcial sixth and seventh ciania! ncivc invokwmcnf Vcntiiculogiam 
Lesion in light fi onfoponefal lobes Ci anwtomy and complete icmoval zviihont ?»/>- 
tide of a walled abscess Recoveiy 

E S, Hosp No 125122, female, age 20, was admitted to the Graduate Hospital, 
September 12, 1936, having been referred b> Dr J C Yaskin, Philadelphia, Pa About 
three months prior to admission, the patient had had a tonsil lectonn performed, under 
local anesthesia, wnthout any untow^ard effects Six weeks later she began complaining of 
headache and somew^hat later of diplopia, loss of vision and 'somiting During the few 
da3’-s preceding admission to the hospital the pain in the head had become more severe 

Physical Examination — Temperature 99 3° F, pulse 64, respirations 22 Neurologi- 
cally, she was mentalfi" clear, had some ngidit> of the neck, a bilateral Kernig, a bilateral 
papilledema of about three to four diopters, a cut in the left temporal field, weakness of 
both external recti muscles, more marked on the left than on the right, a parah sis of both 
seventh nerves, more marked on the right than on the left, and no significant changes in 
the extremities The spinal fluid pressure was 350 !Mm of water, and the spinal fluid 
show^ed five lymphoc}tes 

Submitted for publication June 8, 1939 

* PreMouslj reported as Case i, Brain Abscess ot Undetermined Etiolog\, J C 
Yaskin, F C Grant, and R A Groff, Axxals of Surgerv, 107, 492, April, 1938 
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The wljite hlooc! count was j2,8oo, with a mild secondary anemia The urinalysis 
was negative Tlie blood Wasserniann was negati\e The stools showed ova and seg- 
ments of r acuta sagmata , the patient’s father recalled that she had had a tapeworm many 
years ago Roentgenograpinc examination of the skull and the paranasal sinuses re\ealed 
no abnormalities A second lumbar puncture revealed a pressure of 700 Mm of water, 
and the spinal fluid showed 15 cells 

0 /»cifl/m;i'— September 19, 1936 Dr F C Grant did a ventriculogram which showed 
a mass lesion on the right side, probably in the frontoparietal region A right fronto- 
temporal bone flap was retlected The dura Avas extrcmeli tense, and upon its reflection, 
tlie sylvian fissure was seen to be pushed up by a mass beneath the surface and within the 
substance of the tip of the right temporal lobe fFig i) A transcortical incision was 
made ovei the tumor wdneh wms rcmo\cd without rupture It measured 3l4\4\5 cm 

Pathologic Examuiatton — Section of the tumor levealed an abscess filled with a fibro- 
piiruleiit, thick exudate The wall was 05 cm thick Microscopic examination of the 



Fig I — C'l'ie i ScliemTtic dngram sho\\ing locTtion of abscess in right 

temporal Jobe 


wall show'ed it to be composed of a stout fibrous stroma, m w Inch manj short glial fibrils 
were to be seen together wuth numerous blood vessels, mam of which showed proliferative 
changes Plasma cells, hmphocites, and old polymorphonuclear cells w'ere present 

Subsequent Coin sc — The patient made a rapid and une\entful comalescence The 
neurologic signs disappeared and she has remained w'ell to date 

Comment — The history given by this patient should have suggested the 
possibility of brain abscess The relatively long interval between the ton- 
sillectomy and the development of intracranial symptoms seemed to exclude 
this diagnosis The bilateral sixth and seventh cianial nerve impairment, 
without other signs except intracranial hypertension, made ventriculography 
necessaiy The fortunate suigical management of the lesion by intact, com- 
plete removal prevented the fatal complication — ^meningitis The smooth un- 
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complicated convalescence and the continuance of the patient s good health up 
to the present time, t\\o and one-half years, commend this method of treatment 

Case 2 — Synopsis Syiiipfoiiis foi 14 tcccks Signs sitggcshtc of expanding left 
ccicbta! lesion Cannula sfiitcL abscess dining icntncidogiapliv ^Jbsee^r exposed and 
}C moved iviihont > upline Rccovciy 

J F M, Hosp No 35238, male, age 26. was admitted to the Unnersitj Hospital 
January 12, 1937, having been referred to Dr F C Grant bj Dr Marshall W Djer, 
Syracuse, N Y The patient was well until 14 weeks before admission to the hospital, 
when he began complaining of projectile \omiting This Aomiting bore no relationship to 
meals or time of da} and continued up until the time of admission One week after the 
onset he de\ eloped left-sided headache which subsequent!} became generalired Short!} 
afterw’ard he had periodic attacks of dimness of Msion Y hile walking he noticed he 
tended to dei late to the right and on numerous occasions became dizz} when bending o^ cr 





^ess 


Fig 2 — C'lsc 2 Schematic dng:ratn show mg location of ab'^cess m left 

occipital lobe 

Physical Examination — The patient was normal except for dental and tonsillar 
sepsis Neurologic examination revealed a fair mental orientation, d}saithesia with test 
phrases, left sixth ner\e pals\, choked disks of four to fnc diopters, positne tremnor sign 
on the right, abortive ankle clonus on the right together with mild increase in reflexes on 
the right side of the bod} , d% snergia in finger to nose test on both sides unstead\ gait, and 
poor associated mo\ements on the right side Temperature pulse and respirations were 
normal The lcukoc}tc count 10,600, and the Wassermann negatue The Msual fields 
showed a marked contraction of both temporal fields, especialh on the right, and a com- 
plete right homonomous hemianopia Roentgenograms of the skull showed erosion of 
the posterior chnoids and dorsum of the sella with some forward displacement of the top 
of the dorsum 

0 />cja/ioii — Tanuar} 22. 1937 Dr F C Grant performed a \entnculogram for the 
pitrpose ot localization A solid mass was encountered b\ the cannula when attempting 
to enter the posterior horn of the left lateral ^entrlclc Predicated upon this, a left 
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occipitopai letal bone flap was reflected On the cortex, in the occipital lobe (Fig 2), a 
grayish-\cllow, massive tumor was exposed This tumor was carefully dissected from its 
bed without damaging it After complete hemostasis had been secured, the wound ivas 
closed The tumor measured approximately 6x4x4 cm 

Pathologic Examination — Section of the tumor revealed it to be an abscess containing 
thick greenish pus The wall was quite thick and contained a few large blood vessels 
Micioscopic examination of the wall showed it to be composed of a dense fibrous struc- 
ture arranged in parallel rows Among these fibers were numerous fibroblasts and scat- 
tered polynuclear cells 

The patient made a rapid and uneventful convalescence On discharge practically all 
of the neurologic signs had disappeared but the disks showed a choking of two diopters 

Subsequent Coin sc — The patient has been seen since operation The vision and 
Msual fields have improved However, in the six months following removal of the abscess, 
three generalized major convulsions liave occurred He was given small amounts of 
phcnobarbital and has had no attacks for the past 18 months 

Comment — This patient piescnted essentially the same problem as the 
case just desciibed The history was longei and the neurologic signs were 
suggestive but not conclusive of exact localization The abscess Avas exposed 
by an osteoplastic flap and completely removed without damage The rapid 
convalescence and the necessity of only 20 days’ hospitalization fuither empha- 
size the rationale of this method of tieatment 

Case 3 — Synopsis Intiaci anial symptoms foi /tcy; weeks follozving mild head injury 
and St) epiococcic soic tin oat Signs of intiacianial hypertension and a light panctal 
lesion Cl anwiomy, tap of abscess by cxplonng cannula, and complete enucleation Rc- 
cove) y 

S K , Hosp No 39361, male, age 21, was admitted to the Unnersity Hospital, June 6, 
1938, having been referred by Dr C C Nefif York, Pa The patient had been perfectly 
w^ell until tw’^o weeks before admission, wdien he bumped his head on a beam He did not 
become unconscious nor weie there any ill effects from this accident Shortly afterw^ard 
the patient de\ eloped a sore tliroat wdiicli lasted one week The infection w^as alleged to 
be caused b\ the streptococcus One week befoie admission he had an attack in wdiich 
both arms and legs ‘^stiffened,” but no loss of consciousness occurred This attack began 
in the left arm and spread to iiuolve the rest of the body It lasted approximately ten 
minutes During the next three da\s he had three to four similar attacks Since then 
the patient has become progressively more dizz\ , especially when attempting to w'alk At 
about the same time these attacks began he developed right fiontal headaches For the 
several day s before admission the left arm and hand had become weak 

Physical Examination — The patient w^as acutely ill Temperature 99^ F, pulse 80, 
respirations 20 Neurologic examination The patient was definitely lethargic, the eje- 
grounds show^ed a bilateral papilledema of betw^een tw^o to three diopters The visual 
fields, to gross tests, were normal There w^as a left central facial w^eakness The corneal 
reflex w^as decreased on the left The left arm and hand w^ere w'eak m all movements and 
a similar but less marked w^eakness was demonstrated m the left leg Reflexes 111 the left 
arm w^ere increased over those in the right In the lower extremities, the reflexes w^ere 
bilaterally'^ exaggerated but equal A sustained ankle clonus was piesent on both sides 
The left side of the body, including the face, showxd a reduction to all forms of sensation, 
and the left hand show^ed a loss of stereognostic sense White blood count 20,300 , spinal 
fluid pressure wns 300 Aim of w^ater, and show^ed four cells per cubic millimeter 

Opciation — June 2, 1938 Dr L Weinberger peiformed bilateral frontal and parietal 
trephines No hematoma w^as found The ventricles w^eic tapped and the left was found 
to be larger than the right 

On June 3, 1938, Dr F C Grant reflected a light frontoparietal bone flap The 
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brain was under marked tension and the dura was opened rapidly A subcortical lesion 
was indicated by widening of the g%ri in the parietal and temporal lobes A cannula was 
introduced in this area and it enteied an abscess (Fig 3) Two cubic centimeters of pus 
were obtained The cannula w'as withdrawn! The dura w'as closed except at the base of 
the defect o\er the tempoial lobe beneath the temporal muscle The dura w'as then re- 
opened o\er the abscess and a ti anscortical incision w'as made dow'ii to the w'all The 
abscess was enucleated without rupture The resulting cavity in the brain was packed 
with gauze soaked m azochloramine and an incision made in the scalp for its remo!al at a 
future time The bone flap and scalp w'ere replaced and the scalp closed by interrupted 
silk sutuies 



Fig 3 — CT''e 3 SchemTtic dngrTni showing location of abscess in right 

pnrietotemporal lobes 


PathologiL Exa)itiiiatwu — The abscess (Fig 3) measured 5x4x25^ cm The wall 
\aried in thickness from 3 to 5 Mm The pus w^as thick, greenish and foul-smelling The 
organism w'as a gram-negative rod resembling Haoiwplttlus Microscopically, the w'all 
consisted of a dense laver of collagen wuth few' vessels and numerous polj morphonuclear 
cells 

The paclving was removed on the second day but the w'ound continued to dram for 15 
days and then healed Pressure w as controlled by daily lumbar punctm es The w'eakness 
on the left side of the bodv w'as more pronounced following operation but subsequently 
improved so that he was able to walk on the ninth postoperative day 

Subsequeut Com sc — Follow’-up examinations up to the present time showed that the 
weakness of the left leg has cleared completely, the arm remains slightly w'eak and at 
about monthl} intervals the patient has sensor! jacksonian attacks in the left arm Other- 
w’lse he feels w’ell 

Comment — The paiticular pioblem this case piesented was to deteimine 
the course to be adopted when an abscess is tapped dining a craniotomy In 
this patient, the cannula \vas lemoved and the dm a closed m crdei to maintain 
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piessuie sufficient to keep the subaiachnoid space closed An opening was 
then made thiough the dura and hi am do\Mi to the wall The abscess was le- 
moved thiough this opening To pi event possible spicad oi infection, the 
cavity was packed wuth gauze satin ated wnth azochloi amine This course of 
tieatinent was effective in pi eventing meningitis m this patient 

Case 4 — Synopsis Symptoms of infiacianial involvement jot tzuo zvecls Signs of 
intiaeianial hypertension Fentncniogiam Right fioiitopaiietal eianiotomy and c\~ 
posnic of abseess Sub sequent icmoval of zvall Second admission Removal of infected 
bone flap Rccovcjy 

W T , Hosp No 137004, male, age ii, was admitted to tlie Graduate Hospital, 
August 25, 1938, Iia\mg been referred by Dr Mark D Grim, 01 e>, Pa The patient had 
been m good health until eight weeks before admission to the hospital, when he developed 



Fig 4' — Ctsc 4 Schenntic dngnm shouing location of abscess deep in right 

frontal lobe 

frontal headache and a fever of 101° F These symptoms continued for ten days, when 
he liad a generalized convulsion Following tlie convulsion all symptoms subsided The 
patient was then well until two weeks before admission, when headache and vomiting 
began and continued up until admission to the hospital One week before admission, ex- 
amination of the ejegrounds showed papilledema of both optic disks 

Physical E'lomwnfwn — ^Tlns was essentially negative, and the neurologic examina- 
tion was likewise negative except for a bilateral papilledema of four diopters Visual 
fields Avere full Barany examination was suggestive of an intracranial lesion Roent- 
genograms of the skull and paranasal sinuses were entirel) negatne White blood count 
10,600 , the blood Wassermann was negative 

Operation — August i, 1938 Dr R A Groflf performed a ventriculogram which 
demonstrated a lesion deep m the right frontal lobe A right frontoparietal bone flap was 
reflected and no surface tumor was seen A mass (Fig 4) w^as felt 3 5 cm below the 
surface of the frontal lobe in its posterior portion by an exploratory cannula A block of 
cortex measuring 5 cm square was removed over tlie lesion A lumbar puncture needle 
was introduced into the lesion and i cc of thick, yello\v pus was obtained Examination 
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of this pus showed many gram-positive Cocci An attempt was made to enucleate the 
abscess but the wall was too thin Sutures were then placed m the wall at its thickest 
portion The dura and bone w ere removed over the lesion Iodoform packing was placed 
m the cavity ovei the abscess and brought out through a separate overlying scalp wound 
The remaining dura was sutured m position, the bone flap wired to the skull, and the 
scalp closed in two lasers 

Postopcjafivc Cow sc — The night of the opeiation, the abscess had pushed its w^ay 
to the scalp edge, displacing the packing A suction tip w^as inserted in a seepage point 
on the wall and two ounces of pus w^eie removed The opening in the wall w^as enlarged 
and packed tighth wuth iodoform gauze Six days later, after signs of infection had sub- 
sided, the wall w^as teased out of its bed through the overlying scalp w^ound During this 
maneuver the \entricle ruptured into the wound This complication was treated by anti- 
septics to the surrounding scalp and application of sterile dressings The cerebrospinal 
fluid leak continued foi ten da} s and then stopped Several da} s later pus w^as evacuated 



Tie 5 — Ca‘^e 2 Postoperatu e photograph of patient showing well 
healed scar following a left occipital craniotomj 


from above the right evebrow and a sponge removed which had been left m at the time of 
operation Both wounds healed subsequently and the boy was discharged 38 days after 
operation 

Subsequeut Com sc — On November 7, 1938, the patient was readmitted because of a 
draining sinus along the upper medial limb of the scalp incision Roentgenograms of the 
skull demonstrated an osteomyelitis of the bone flap The diseased bone \vas removed 
and the patient discharged 58 days later with w^ound healed except for a small area at the 
site of the previous drainage tract Since discharge (Fig 5) from the hospital following 
his second admission, the w'ound has healed and the boy remains well and is attending 
school 

Comment — The surgical problem presented by this patient was similar in 
many lespects to Case 3, except that the wall was too thin to permit enuclea- 
tion at the time of the original operation The fact that the abscess migrated 
to the surface indicated that the abscess would probably have dehveied itself 
if sufficient tune had been given Kahn^ has demonstrated this veiy dramati- 
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cally The abscess cavity, howevei, was evacuated of its contents, packed 
with lodofoiin gauze and after evidences of active infection subsided, its wall 
was 1 emoved The cerebrospinal fluid leak which followed was alarming but 
stopped undei conseivative tieatment The subsequent development of an 
infection m the bone flap was caused by an oveilooked sponge 

Case 5 — Synopsis Sivcic head injtiiv followed by syniptoins and signs of focal 
biain disease zmth intiacianial hypo tension Exploiatoiy ticphincs and bilafcial snb- 
fcnipoial dcconipi cssion Removal of tliiec abscesses in stages tlnoiigli left siibtcmpoial 
dccoinp! cssion 



Fir 6 — Cnse 5 Schenntic dngrTm sho^Miig approxinnte locntion of Tb«;cesses 

J R C, Hosp No 35637, male, age 7 was admitted to the University Hospital, 
March 4, 1937, having been referred b} Dr B L Hull, Altoona, Pa The patient had 
been well until nine weeks before admission when he fell from an embankment, striking 
the left frontal bone He was unconscious at the time of the InJur^, subsequent!} regained 
consciousness and several hours later lapsed into unconsciousness He remained in this 
state for 18 days During this period a hematoma of the scalp de\ eloped over the left 
temple, which became infected, drained for six days and then healed Five weeks before 
admission, or four weeks after injury, the patient had several generalized convulsions but 
improved and was out of bed Up to one ^\eek before admission to the hospital, he had no 
complaints except that he tired easily One week before hospitalization, or eight weeks 
after injury, the patient developed headache, nausea and vomiting During the next few 
days these symptoms increased in severit} He became irritable, cried easily and devel- 
oped weakness of the right face and upper extremity 

Physical E\aminahon — Temperature 993° F, pulse 102, respirations 26 The pa- 
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tient %\as dro\vs^ but could be aioused easil} A scar was present ovei the left temple 
Neurologic examination demonstrated weakness of the right lower face, bilateral choking 
of four diopters, a parah’^sis of the right upper extremity and a paresis of the left lower 
e\tremlt^ The leflexes on the right side were decreased and a Babmski was present on 
the right ^Vhlte blood count 13,500 urine normal, spinal fluid pressure 750 Mm of 
spinal fluid and the fluid contained six hmphocvtes per cubic centimeter 

Opoafwu — March 5, 1937 Dr F C Grant made trephines over the left frontal and 
parietal bones No hematoma \\as found but the brain was under marked increased pres- 
sure A cannula \\ as inserted into the brain through the frontal bur opening and increased 
resistance was encountered at a depth of 3 cm A. third tiephine opening was made m 
the upper limits of a subtemporal decompression This opening was enlarged to the size 
of a decompression and the dura opened During exploiation, the patient strained and an 
abscess (Fig 6) uiptured into the wound About an ounce of pus was recovered The 
wall w^as drained b^ rubber tissue and the wound left open The pus contained Type I 
pneumococci on culture 

Postopci ativc Com sc — Antipneumococcic serum was administeied to the extent of 
50,000 units A cerebral fungus de\ eloped, wdiich w^as amputated seven days after opera- 
tion That portion remo\ed contained part of the abscess wall During the follownng 24 
hours the fungus increased greath so that a right subtemporal decompression w^as per- 
formed and the right ventricle tapped The fungus w^as explored and the remainder of 
the original abscess wall remo^ed together with two additional w^ell w^alled-off abscesses 

The fungus increased in size and drained pus for a number of weeks Intracranial 
pressure was reduced b\ lumbai punctures These drainages were done as often as every 
12 hours during the acute stages Nine weeks after the last operation, the fungus was 
clean and had receded sufficient!} to allow skin grafting o\er it Two w^eeks later, or 
three months after admission the patient was discharged trom the hospital 

Pathologic E\aminaiwn — The abscess wall was composed almost entirely of collagen 
fibers arranged in parallel rows Among these fibeis were a few^ glial fibrils and numerous 
pol} nuclear leukoc}tes 

Subsequent Com sc — One and one-half \ears later, the patient show^ed a useful right 
leg a less useful right arm and a slight speech defect These signs w^ere much improved 
o\er those recorded when the patient was discharged from the hospital 

Comment — The appioach to the piohlem piesented by this patient was 
diflPeient fiom that described in the pieceding cases In exploiing foi a sub- 
dural hematoma, an abscess luptuied into the field of a subtemporal decom- 
pression The onl} alternative was the institution of diainage A cerebral 
fungus quickly developed, Avas exploied, and two well w’^alled-ofif abscesses 
found and removed The cause foi the heiniation was not only a focal ceie- 
biitis but tw^o additional abscesses Had this heiniation not been exploied, it 
IS questionable wdiethei this patient w^ould have survived Theiefore, othei 
abscesses as w^'ell as a ceiebntis may be the cause of ceiebial herniation 

Case 6 — Synopsis Symptoms and signs of inti ao anial livpci tension foi one month 
Lesion localized to left side hv shift of calcified pineal gland as seen 1 ocnfgenologicaUv 
Abscess m left fiontal lobe tapped and diaincd Subsequently lefillcd, attempted icmoval 
of zvall by cianiotomy luptme of zvall , lately icmoval of tzvo-thiids of zvall Second 
abscess foinicd, diained, and complete icmoval of zvall Thud abscess collection devcT 
oped zvall opened and packed Recovciy 

M B , Hosp No 132888, male, age 17, was admitted to the Graduate Hospital, Janu- 
ary 10, 1938, having been referred by Dr Henry Dintenfass, Philadelphia, Pa In 
August, 1937, this patient had had a right ethmoidectomy Since that time he complained 
of generalized w^eakness One month before admission to the hospital he developed severe 
frontal headaches and diplopia on looking to the left The headaches became progressively 

933 



GROFF AND GRANT 


Annals of Surgerj 
Tune 1040 


moie severe and at the time of his admission, were almost continuous One week before 
admission he had an attack of nausea and vomiting, associated with vertigo From this 
time on he became increasingly more drowsy 

Physical Examination — ^This was essentially negative Temperature 996° F, pulse 
60, respirations 24 Neurologic examination disclosed a patient mentally quite drowsy, 
showed a slight right lower facial weakness , a paralysis of the right external rectus , an 
increase in the reflexes on the left side , and the eyegrounds showed a papilledema of four 
diopters m both e^es Roentgenologic examination of the skull demonstrated a calcified 
pineal gland, which was shifted from the left to the right side of the skull The examina- 
tion of the sinuses showed a densely clouded left antrum Picopoativc Diagnosis Left 
frontal lobe biain abscess 



Opciafion — January 12, 1938 Dr R A Groff placed a trephine over the left frontal 
lobe and an abscess was palpated (Fig 7) 2 cm beneath the cortex The wound was 
packed with iodoform gauze, and 24 hours later, the abscess was opened and a drainage 
tube inserted 

Postopc) ativc Com sc — The abscess continued to dram, and on the eleventh da> fol- 
lowing the institution of drainage, the eyegrounds showed a sudden increase in papilledema 
with fresh hemorrhages A right subtemporal decompression was performed and the left 
frontal lobe explored through a clean trephine opening but no further pus was obtained 
Eight days later, the tube was changed in the abscess and approximately 25 cc of pus 
were obtained Subsequently drainage ceased, the tube was removed, and the patient dis- 
charged 45 days after the initial drainage of the abscess 

Rcadmission — April 15, 1938 Following discharge from the hospital, the patient re- 
mained in good condition up until the dav before his present admission to the hospital, 
at which time he developed a continuous headache, became nauseated, and vomited several 
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times Neurologic examination showed a right lower facial w^eakness and a definite 
increase in tension of the right subtemporal decompression 

Opoafion — April 28, 1938 Dr R A Groff performed a left frontoparietal craniot- 
omy, under avertin anesthesia The dura w^as opened and the abscess outlined by means 
of an exploratoiy cannula An incision through the cortex, dowm to the w^all, w^as made 
and an attempt undei taken to enucleate the abscess The w^all, how^ever, was ver}^ firmly 
adheient to the falx In attempting to break up these adhesions, the abscess ruptured 
The hole in the abscess was then plugged, the bone flap removed in older to prevent it 
from becoming infected, and the scalp closed wuth silkw^orm sutures An incision was 
made through the scalp in order to peimit access to the abscess This open w^ound was 
packed wuth iodoform gauze 

Subsequent Coiuse — Following this operation, no evidence of meningitis appeared 
On the following da}, the packing was removed and the abscess wall opened Approxi- 
mately 70 cc of pus w^ere removed The abscess w^all w^as then packed wnth iodoform 
gauze Follownng this, diamage continued for se\eral wrecks, subsided, and the patient 
was discharged from the hospital 70 davs following the institution of drainage 

Readnussion — -September 5, 1938 The patient had developed symptoms and signs of 
a refilling of the abscess 

Opoatwn — September 6, 1938 Di R A Groff exposed the abscess b} opening the 
scar wdnch had been made previous!} Sutures were placed in the w^all The w^all was 
opened and tw^o ounces of pus obtained The wall was then packed wath iodoform gauze 
Four da}s after opening the abscess, the w^all w^as dissected out Unfortunately, only two- 
thirds of the wall w^as obtained The remaining portion w^as firmly adherent to the falx 
In removing the wall, the ventricle ruptured into the wound This was treated by light 
packing Tw^enty-six da}s later the w^ound was completely healed and the patient was 
discharged 

Readnussion — November 26, 1938 The day before admission the patient had a gen- 
eralized convulsion At the time of his admission, the examination w^as essentially nega- 
tive except for a small drainage tract at the site wdiere the abscess had been drained 
Roentgenograms of the skull demonstrated wdiat was thought to be a beginning osteo- 
m} ehtis of the bone edge in this vicinity 

Opciatwn — December 3, 1938 Dr R A Groff investigated the sinus tract, and the 
presumabl} infected bone w^as rongeured away No evidence of osteomyelitis could be 
seen The w^ound w^as closed with drainage The dram w^as removed on the third day 
and the discharge ceased on the twelfth da} The patient w^as discharged I 4 days follownng 
operation 

Readnussion — February 6, 1939 Tw^o wrecks before this admission, the patient con- 
tracted a cold and was sent to bed b} the family physician w^ho diagnosed the illness as 
‘'grippe ” During succeeding days, decompressed areas became tense and began to bulge 
After a period of ten days in bed, patient was pronounced cured of “grippe*' and came to 
hospital because the decompression areas w^ere “hard and tender ” 

Opeiafion — February ii, 1939 Dr R A Groff pei formed a ventriculogram wdiich 
demonstrated a lesion in the left frontal lobe The scar, through wdnch tw^o previous 
abscesses had been drained and enucleated, w^as opened and the abscess w^all exposed The 
abscess w^as opened widely, evacuated and packed wnth iodoform gauze 

The cavity of the abscess stopped discharging two wrecks latei and began filling-in 
wnth fresh granulation tissue 

Three wrecks after admission, the ventriculogram w^as repeated and the defect pre- 
viously seen w’’as still present but less marked The patient w^as discharged six wrecks 
after admission , w^ound not completel} healed 

Readnussion — April 4, 1939 Four days before admission, the patient developed a 
“head cold” and subsequent to this, the decompressed areas became extremel} tense 
Headaches, nausea and vomiting brought him back to the hospital 

Opciation — April 20, 1939 The previous scar was opened by Dr R A Groff Two 
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abscess cavities were evacuated of one and one-half ounces of pus These cavities were 
opened widely and packed with gauze 

Convalescence was interrupted by a generalized convulsion, nine days after operation 
Three days later, packing was removed from cavities, since they were granulating-in 
rapidly The decompressed areas became concave for the first time since treatment was 
started The wound was practically healed when patient was discharged, May 6, 1939 

Since discharge from the hospital, the patient has remained symptom-free, the wound 
is well healed and decompressed areas are soft and sunken 

Comment — The neuiologic findings in this patient ^^ere indefinite but 
seemed to suggest a light fiontal lobe lesion Roentgenograms of the skull 
disclosed a calcified pineal gland displaced to the light This evidence defi- 
nitely placed the lesion on the left side and showed the value of loentgeno- 
grams of the skull and the presence of a calcified pineal gland 

The surgical tieatment in this patient emliodied three methods Tap and 
diauiage, enucleation, and marsupialization Rubbei diainage proved inef- 
fectual Enucleation was unsuccessful m the first abscess because the wall was 
firmly adheient to the falx Only two-thiids of the wall of this abscess was 
lemoved A second abscess was enucleated in stages Marsupialization was 
employed twice foi two additional abscesses This method, desciibed by 
Hon ax, has foi its principle uncapping the abscess, fixing the wall to the 
scalp, and packing 

Case 7* — Sv}io(>sis IltsfoJv of Hvo head mjuiics follozved bv signs of mo cased 
miiaoania! piessnn Txvo ioppwgs of jight fiontal lobe abscess Ciantofoniy and ;r- 
inoval of foul encapsulated abscesses j^Icmngiiis Death 

W P , Hosp No 36666, male, age 20, was admitted to the Philadelphia General 
Hospital, April 26, 1937, having been referred b> Dr J J Curtin, Philadelphia, Pa At 
age 15, the patient had a head injur> with loss of consciousness, requiring hospitalization 
for 30 days Several weeks following this injury, he became blind in the right e}^, was 
hospitalized and subjected to an encephalogram The vision in the right e\e returned and 
the patient remained well until November 20, 1936 On this da>, the patient struck his 
head against an iron pipe became verv diz7>, but did not lose consciousness Tvo weeks 
later he developed lieadache On December 22, 1936, he liad an attack of unconsciousness 
during which he bit his tongue This attack lasted 15 minutes and was not associated 
with convulsive movements On January 4, 1937, a similar attack occurred and the pa- 
tient was studied in another hospital for four weeks He was discharged feeling well 
On April 24, 1937, his headaches returned, and he was unable to hold anything on his 
stomach His vision became ‘blurr} ” He was admitted to this hospital two da)s later 
with an increase m symptoms 

Physical Examination — Temperature 99° F, pulse 50 Neurologic examination 
demonstrated definite clouding of consciousness, tenderness over the right temporal area, 
and slight blurring of the optic disks The spinal fluid pressure was 21 MmHg, and the 
fluid contained 2S1 cells, 24 per cent of polymorphonuclears and 76 per cent lymphoc3tes 
Roentgenographic studies of the skull and sinuses were essentiall> negative except for 
''sclerosis’' of the right sphenoid ridge 

Operation — April 30, 1937 Dr R A Groff made a trephine opening over the right 
frontal Jobe just above the fascial attachment of the temporal muscle An exploratory 
cannula encountered increased resistance at a depth of 3 cm , anterior and medial to the 
trephine opening This mass was penetrated, and 30 cc of greenish-3’'ellow pus were 

* Previously reported as Case 4, Brain Abscess of Undetermined Etiology, J C 
Yaskin, F C Grant and R A Groff, Annals or Surglry, 107, 492, April, 1938 
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evacuated The cavitv was washed out with normal saline and the cannula left m situ 
Foit\ -eight hours later, the cannula was removed because no drainage had occurred and 
normal saline washings of the cavity did not recover pus The pus contained Type IV 
pneumococcus 

postoperative Course The patient recovered rapidly and was discharged Three 
weeks later he returned to the hospital with signs of refilling of the abscess In attempting 



Fig S — Case 7 Photograph of the brain showing the area in right lobe irom which four 
abscesses were renio\ed Note the absence of infection over this area The infection which 
terminated patient’s life is shown confined to the base of the brain 


to evacuate the abscess for the second time, the cannula would not penetrate the abscess 
wall because of its thickness A lumbar puncture was performed Following this relief 
of pressure, the symptoms and signs subsided Operation for removal of the wall was 
contemplated but the patient refused and left the hospital 

On July 5, 1937, he was admitted to the University Hospital, with symptoms and 
signs of refilling of the abscess in the right frontal lobe 

Opoation — ^July 6, 1937 Dr F C Grant exposed the right frontal lobe The 
abscess was identified, and just as its enucleation had virtually been completed, the wall 
ruptured A second abscess was palpated in the temporofrontal lobes and, similarly, as 
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it was being enucleated, its wall luptured Two other abscesses were removed During 
the operation a fiattuie in the posterioi wall of the frontal sinus was exposed The 
wound was cleansed, the dura closed and the flap and scalp replaced with diainage 

Postopcialwc Com sc — Three days later, clinical evidence of meningitis developed, 
which Avas confirmed bj purulent drainage from the wound and infected spinal fluid The 
patient died i6 days after opeiation 

Autopsy — The brain (Fig 8) show'ed ewdence of a marked basilar meningitis The 
right frontal lobe, from Avhich four abscesses had been removed, showed marked necrosis 
and destruction, Avith little CAudence of infection On section of the brain, there Avas a 
maiked ventriculitis Micioscopic studies of the brain shoived a diffuse purulent meningo- 
encephalitis 

In addition, a fracture A\'as demonstrated extending from the frontal to the ethmoid 
sinuses The adjacent bone Avas infected and these sinuses contained pus The conclusion 
from these findings Avas that the ethmoid and frontal sinuses Avere the primary focus of 
infection 

Comment — The method of lieatment employed m this patient seems to 
us to be ideal Fust, initial tapping of the abscess in ordei to localize and esti- 
mate the thickness of the AA'all Second, direct exposuie and enucleation of 
the abscess The unfortunate ciicumstance in this patient AA^as the presence of 
moie than one abscess, as well as the osteomyelitic area about the frontal and 
ethmoidal sinuses AAdiich Avould have, in all probability, continued to lemfect 
the brain 

Analysis — Soiace of Infection The souice of the infection fiom AA'hich 
the abscess m the hi am deA^eloped Avas unknoAvn in thiee patients, although in 
one of these, infected tonsils ma)' have been the contiibuting factor The le- 
mainmg foui patients developed a hi am abscess dining a chronic infection of 
the fiontal and/or ethmoid sinuses In these latter patients, roentgenogi aphic 
studies demonstiated the sinus disease, but in no instance Avas theie evidence 
of osteomyelitis of the bone in oi about the sinuses 

Desaiptwn of Abscess — The locations of the abscesses w^eie Three in 
the fiontal lobe, tAvo in the tempoial lobe, and one each in the occipital and 
paiietal lobes The depth of the abscesses in lelationsbip to the surface of the 
brain A'^aiied One lesion piesented itself on the suiface of the brain and, upon 
first inspection, Avas thought to be a meningioma The remaining lesions AA^ere 
located beneath the suiface, varying fiom a depth of i to an extreme distance 
of 4 cm 

Foul patients had single abscesses, AAdieieas the lemaining thiee had mul- 
tiple abscesses Wheie multiple abscesses AA^eie piesent, they AA^eie in close 
relationship to each othei and confined to one lobe 

Only one abscess had a stalk This stalk extended from an infected fiac- 
ture line im'^olving the frontal and ethmoid sinuses, through the duia to the 
region of the abscesses in the frontal lobe Four abscesses AA-^ere present in 
this patient 

All abscesses had AA^alls aaFicIi Avere sufficiently firm to permit enucleation 

Diagnosis and Tieatmenf — The pieoperative diagnosis in these seven pa- 
tients influenced the method of treatment In four cases (Cases i, 2, 3 and 
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4), the piimai}’’ diagnosis was biain tiinioi and in t^o ot these cases (Cases 
I and 2), biain abscess was not considered a possibility All foui patients w^eie 
subjected to a ventiiculogiam, wdien localization could not be made clinically, 
and then to a cianiotoin} When the diagnosis of brain abscess had not been 
considei ed, the lesion w as enucleated That the lesion was an abscess w^as not 
appieciated until it w'as sectioned m the laboiator} When the diagnosis of 
abscess bad been made pi eopei atn^ely, a needle was intioduced into the lesion 
aftei exposuie bad been made Enucleation was peifoimed immediately aftei 
the tapping 111 the one patient, w bei eas, m the second patient, the abscess w as 
lemoved seveial days follownng the cianiotomy 

A fifth patient (Case 5) w^as diagnosed a chionic subduial hematoma 
Aftei exploiatoi} tiepbmes bad been made, a subtempoial decompiession was 
earned out An abscess luptuied into the operative field dm mg this pioce- 
duie Subsequent!}^ the w^all of the lUptuied abscess, togetbei wnth tw^o addi- 
tional intact abscesses, w^as lemoved 

The diagnosis of the lemammg two patients (Cases 6 and 7) was made 
pieopeiatively Aftei piebmmai} tapping and lubber tube diamage had been 
peifoimed unsuccessfully, both w'^eie subjected to a cianiotomy The w^all of 
the abscess was so fiiml} adbeient to the falx m one patient (Case 6) that it 
luptured while attempting to remove it Pait of the wall w^as removed a few'' 
days latei Seveial months afterwaid, a second abscess became apparent, 
this was di allied and the w'all lemoved completely Approximate!} six months 
latei, tw'o abscesses w’^eie localized and tieated by marsupialization 

The last patient (Case 7) had four abscesses, two of which ruptuied dui- 
ing lemoval One of these abscesses had a stalk which connected wuth an 
infected fracture line in the fiontal and ethmoid sinuses This stalk was dis- 
tuibed dm mg the operation and meningitis teimmated the patient’s life This 
IS the only death in this sei les 

Complications — The only complication 111 the foui patients wath a single 
abscess w'as an osteomyelitis of the bone flap This unfoitunate ciicumstance 
could have been avoided, since it w'as the diiect lesult of the opeiator’s 
(RAG) overlooking a sponge The complication wdiich aiose m the treat- 
ment of the patients wnth multiple abscesses was meningitis m one patient 
This w'as the result of a distuibance of the stalk of one of the abscesses and, 
111 addition, the 1 uptime of twm abscesses duimg lemoval In another patient, 
a ceiebial herniation resulted, and wuthin this mass tw'o w'alled-off abscesses 
w'eie found and removed 

Comment — The smooth, lapid and uncomplicated convalescence in the 
four patients wuth single abscesses, if one overlooks the avoidable complication 
of osteomyelitis of the bone flap m the one patient, commends this procedme 
as the most satisfactoiy treatment for biain abscesses wdiich have a firm w^all 
The complications of ceiebral herniation, ceiebral fungus, and an alaimmg 
inciease in inti acranial piessure are avoided The constant w'ound care neces- 
sitated, when drainage methods are employed, is eliminated The postopera- 
tive care is reduced to the management of a patient w^ho has been operated 
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upon for a brain tumor, and the moibidity rate m these patients, at the present 
writing, IS extremely low These facts justify the surgical procedure of enu- 
cleation of a well walled-of¥ brain abscess 

The teim “capsule” has been puiposely discarded, because the meaning 
conveyed by it is a coveimg for oigans, oi certain tumors The layer of tissue 
about an abscess is a hairier to enclose oi confine the infection This barrier 
01 wall is not a capsule nor is it referied to as such in abscesses in other parts 
of the body We are in accoid with Atkinson,’’ that the tissue sunounding an 
abscess should be called the “wall ” 

The enucleation of a biain abscess by direct exposure depends upon the 
fiimness of the abscess wall Theiefoie, this fact must be known before 
enucleation is contemplated The most piactical way in which this infoima- 
tion can be determined is by exploiation with a cannula thiough a trephine 
opening If the cannula imparts the information that the wall is fiim, enuclea- 
tion of the abscess by direct exposuie can be earned out immediately On the 
other hand, if the cannula passes through the wall without much resistance, it 
will be necessary to adopt measuies to allow more time, in order that the vail 
of the abscess may become firmer and thicker These measuies may be one 
of several, lepeated tappings of the abscess, such as was done in Case 7, or 
lepeated tappings and a subtemporal decompression, in oidei to control in- 
crease in intracianial piessuie and save vision, as was earned out in Case 6 
A craniotomy may be pei formed without opening the dura, as suggested by 
Vincent The lattei method was utilized in a modified form in Case 4 In 
this patient, after the abscess had been exposed, it was found that the vail was 
not thick enough to peimit enucleation The abscess ivas removed seveial 
days latei 

Tapping the abscess gives the additional mfoimation of the type of or- 
ganism which IS responsible foi the infection If this oiganism is one of 
those susceptible to the several chemotheiapeutic agents, they can and should 
be given, as suggested by Rmve® and Buej’^ ' 

Multiple abscesses of the biain present a diffeient pioblem The three 
cases piesented here weie more or less ideal in that the abscesses ^veie grouped 
togethei Two of these patients v’eie tieated successfully, the third died of 
meningitis The difficulty with this jiroblem is that the v’alls of the several 
abscesses aie not m the same stage of development Thus, if a preliminary tap 
IS made and the cannula stiikes an abscess vnth a fiim wall, and direct ex- 
posure discloses seveial lesions, one 01 moie of them may not have a ivall 
which IS firm and sufficiently thick to remove vathout ruptuie 

Abscesses resulting from penetiating ivounds and diiect extension of the 
infection from either an infected mastoid 01 frontal sinus cannot be treated 
by this method The one patient in this senes (Case 7), ivhose lesion had a 
stalk leading fiom an infected frontal and ethmoid sinus, died from menin- 
gitis as a result of disturbance of this tract The methods of King,® Horrax"* 
and Kahn® aie more applicable foi treating this type of pathology 
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SUMMARY 

The lecoids of seven patients with biain abscess, in whom the surgical 
ti eatment was enucleation by dii ect exposure, have been presented 

The leasons foi consideiing the method of enucleation of firmly walled-off 
biam abscesses as the most satisfactoiy foim of treatment have been given 
The pioblems which aiose m connection with this method of ti eatment have 
been discussed, and an outline has been given foi the management of patients 
111 whom the diagnosis of biam abscess has been made 
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THE TREATJMENT OF ADDISON’S DISEASE BY THE 
IMPLANTATION OF SYNTHETIC HORMONE* 

Wabfield M Fikok, MD 

Baltimore;, Md 

It is highly probable that human beings have died fiom destruction of 
then adienal glands since the beginning of the race, but the clinical picture 
incident to this destiuction has been recognized for only 84 years, and the 
pltysiologic alteiations that aie induced by adienal disease have been under- 
stood foi less than 10 years Finally, a ciystalhne substance which rectifies 
these alterations, which abolishes the symptoms, and prevents death, has been 
available foi less than two yeais It is the purpose of this communication to 
tell of 17 patients who have been given this specific substance in the form 
of pellets implanted subcntaneonsly 

Since 1855, It has been known that destructive lesions of the adrenal glands 
cause weakness, loss of weight, hypotension, digestive disturbances, pig- 
mentation and death An excerpt from Addison’s^ original papei will suf- 
fice to show how cleaily he giasped the essential features of the syndrome 
resulting fiom adienal insufficiency 

“The patient, in most of the cases I have seen, has been obseived gradu- 
ally to fall off in geneial health, he becomes languid and weak, indisposed 
to either bodily or mental exeition, the appetite is impaiied or entirely lost, 
the whites of the eyes become pearly, the pulse small and feeble, 01 peihaps 
somewhat large, but excessively soft and compiessible, the body wastes with- 
out, howevei, presenting the dry and shriveled skin and extieme emaciation 
usuall}'- attendant on proti acted malignant disease, slight pain 01 uneasiness 
is from time to time lefeired to the legion of the stomach, and there is occa- 
sional actual vomiting, which in one instance was both urgent and disti essmg , 
and It IS by no means uncommon foi the patient to manifest indications of 
distuibed ceiebial cii dilation” “We discovei a most reniaikable and, 

so fai as I know, characteristic discoloration taking place in the skin — suf- 
ficiently marked, indeed, as, generally, to have atti acted the attention of the 
patient himself, or of the patient s friends 

“The disease develops in the third 01 fourth decade of life, usually quite 
insidiously, with adynamia and apath)^ To these aie added disturbances 
of the digestive tiact (constipation, often alternating with diarrhea), and 
pigmentmg of the skin and mucous membianes the patients succumb under 
a giadually inci easing cachexia, not larely with stormy teiminal manifesta- 
tions, autopsy almost always shows disease of both supraienals, mostly 
tuberculous caseation ” 

Addison not only gave to the world a concise desciiption of the disease 

Read at the Fifty-second Annual Meeting of the Southern Surgical Assocntion, 
Augusta, Ga , December 5, 6, 7, 1939 
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which beais his name, but he stated, quite coiiectly, that any chionic lesion 
destioying the adienals would give use to this syndiome 

In 1875, Gieenhow- diew attention to an additional chaiacteristic of the 
symptomatology of Addison’s disease His outstanding paiagiaph states 
“The asthenia, the constitutional symptoms genei ally, and the change of coloui 
in the skin aie all, it is tiue, progiessive, but not steadily so The couise of 
the disease, on the whole, is slow and chionic, but it is subject to alternate 
exaceibations and 1 emissions, usually m some degiee dependent upon favoui- 
able and unfavouiable circumstances but sometimes also, appaiently, quite 
independent of them Dm mg the 1 emissions, stiength is 111 a gieat degiee 
lecovered, appetite impioved, sickness abated, the discolouration becomes 
paler, and, above all, the patient’s whole aspect bespeaks that a heavy weight 
has been lifted fiom his head After each fiesh exacerbation, howevei, the 
patient lemains upon a someuhat lowei level than dm mg the previous 
1 emission The lecoveiy of stiength and the abatement of othei symptoms 
IS less maiked, and the skin, though paler than during the last exacerbation, 
IS yet visibly daiker than befoie it Similai alternations may occur seveial 
times befoie the onset of the fatal paioxysm, but on each occasion the patient 
takes at least one downwaid step that he nevei legains ” 

Theie weie no other noteworthy milestones m the understanding of this 
disease until 1894, wdien Oliver and Schaefei^ obtained a stiong piessoi sub- 
stance from extiacts of the adrenal medulla This discovery initiated a 
period of intensive expeiimental activity, culminating 111 the isolation of 
epinephime m 1904 It was soon leahzed, however, that the symptoms of 
Addison’s disease were not ameliorated by the administration of epinephrine 
Later, it was discoveied that the removal of one adrenal, accompanied by the 
destruction of the medulla of the lemaming gland, did not evoke evidence of 
adrenal insufificienc} From this experiment it W'^as clear that the adienal 
cortex IS the part of the gland essential foi life, thereaftei, spoiadic efforts 
wei e made to exti act from the adrenal cortex a substance or substances wFicli 
w^ould sustain life m adrenalectomized animals In 1929, a tremendous 
impetus w^as given to this seaich by the announcement of Pfiffner and Swingle^ 
that they had succeeded in piepanng a potent cortical extract Immediately, 
work w^as begun in several laige medical centeis, and scientific publications 
soon reflected a levival of interest in the adrenal cortex During the next 
tw'-o years three sets of woikers claimed that they had extiacts capable of 
counteracting the effects of adienal insufficiency in animals These vaiious 
cortical extracts, how^ever, gave most disappointing results wdien given to 
patients suffering from Addison’s disease The preparation of these extracts 
w'as expensive, and the standai dization w^as time-consuming, since each lot 
had to be separately assayed, but, above all, the effects on the patients weie 
variable and unpredictable Snell,^ at the Mayo Clinic, in 1933, concluded 
that the life expectancy of patients treated wuth the several cortical extracts 
then in use had been only slightly prolonged Occasionally, patients seemed 
to show^ sui prising and sustained impiovement, but one questions the ad- 
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visability of attributing- tfiese results to the use of an extiact, for had these 
extracts contained a potent coitical substance, then all patients with adienal 
insufficiency should have benefited fiom them To one who was actively par- 
ticipating in this field of investigation, it seemed that the clinicians suddenly 
began to lecogmze many more instances of the disease than ever before 
Undoubtedly, some of the theiapeutic lesults accredited to the vanous coitical 
extiacts, between 1931 and 1933, weie obtained fiom patients suffering fioni 
asthenia of nonoigamc oiigiii 

The lenewed mteiest in the expeiimental and clinical evidences of adienal 
insufficiency produced two discovei les of fundamental imjioi tance 1 he fii st 
of these came m 1933, Mhen Loeb’’ pointed out the beneficial effect of sodium 
chloiide m the tieatment of adienal insufficiency The studies of Loeh and 
his co-woikeis made it clear that an animal with seiious impaiiment of coitical 
function loses an abnormal amount of sodium and chloiide ions in the mine 
Such an animal has a concomitant inci eased uiinaiy output These alteia- 
tions aie leflected in the condition of the animal’s blood, which shows low 
values foi sodium and chloride and coincident hemoconcentiation Loeb 
shoned that the ingestion of relatively laige amounts of sodium salts ivas 
beneficial to patients with Addison’s disease Subsequently Tiuszkowski and 
Zwemei" demonstiated the advantages of a diet having a low potassium 
component 

The second fundamental discovei y in this field of leseaich came foui yeais 
latei, when Steigei and Reichstein® announced the synthesis of a steioid com- 
pound capable of pi eventing death fiom adienal msufficienc}'^ This ciystallme 
compound ivas deso-^y-coi ticostei one acetate One yeai later, Reichstein and 
von Euw'* isolated this same substance fiom beet adienal glands, thus piovmg 
its natuial occuiience This is the first instance 111 historj'^ in which a hoimone 
has been synthesized before it had been isolated fiom its natuial souice 

Dr George W Thoin,^'’ of the Depaitment of Medicine of the Johns 
Hopkins Hospital, was foitunate enough to be given some of Reichstein’s 
crystalline substance At fii st this was tested on dogs which the author had 
bilaterall}^ adrenalectomized undei si^mal anesthesia It was found that a 
single daily injection of i to 1J2 mg of desoxj^-coi ticostei one acetate main- 
tained a 10 Kg adi enalectomized dog in good health, even though the animal 
was being kept on a diet low m sodium chloiide and 1 datively high in potas- 
sium When the injections weie stopped, the animal showed a piomjit diuicsis 
associated with increased excietion of sodium and chloiide and a deci eased ex- 
cretion of potassium, modeiate hemoconcentration, and, in addition, it de- 
veloped weakness, digestive distuibances, and loss of weight When the ad- 
ministration of the ciystallme substance was lesumed, these changes were 
reversed and the animal soon returned to a noiinal condition Subsequently, 
pellets composed of ciystals of desoxy-corticostei one acetate weie placed sub- 
cutaneously in bilateially adi enalectomized dogs It was found that this foim 
of therapy maintained the animals m excellent health, if the daily hoimone 
requiiement of each dog had been jDieviously detei mined and sufficient pellets 
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\\ ei e implanted to meet these i equirements Removal of the pellets invariably 
bi ought on t3fpical metabolic altei ations and signs of adi enal insufficiency By 
weighing the pellets befoie implantation and upon lemoval, the amount of 
hoimone absoibed was ascei tamed The late of absoiption vas found to be 
fiom 025 to 040 mg pel day This lelatively slow absoiption late is due to 
the baldness of the pellets and to the slight water solubility of the compound 
It did not vaiy in diffeient animals The compaiison of the utilization of the 
coitical hoimone when given by daily injections 111 oil, or vhen supplied by 
pellets, showed that the lattei foim of administiation was about 25 pei cent 
moie efficient than the foimei 

The success of pellet theiapy in expeiimental animals piepared the way 
foi the use of the method m patients with Addison’s disease Since September, 
1938, Di George Thorn arrd I have treated 17 patrerrts by the rrrrplarrtatrori 
of pellets of desox} -coi ticostei one acetate All these patients have been studied 
on the Metabolic Waid of the Johns Hopkins Hospital In eveiy instance, 
the daily lequnements of the hoimone in sesame oil have been detei mined 
befoie the pellets weie mseited It has been found that o 5 mg of the hoimone 
m oil, given by daily injections, lequires a tablet weighing 125 mg It is 
impoitant to have the patient on standaid conditions and to compute each pa- 
tient’s lequiiement befoie imjrlantmg the pellets Our usual plan of pio- 
ceduie is to study the patient undei basal conditions, and then, after this, 
to add 10 Gm of sodium chloiide to the patient’s diet We do not modify 
the potassium content of the diet On this legimen we give a single daily 
injection of “Peicoiten” (Ciba) vaiymg from 2 to 10 mg, depending upon 
the patient s needs 

As evidence of adequate tieatment we lequne the patient to maintain 
(a) Optimum body weight, (b) normal blood piessure with noinial plasma 
volume, (c) positive sodium and chloiide balance, and (d) normal concen- 
tiation of plasma electiolytes When the hormone requiiements of a patient 
aie accuiately established, we discontinue the injections in oil and inseit 
subcutaneously a sufficient number of pellets to supply a patient’s needs 

The desoxy-coi ticosterone acetate is sterilized by dissolving it in hot acetone, 
and subsequently passing it through a Seitz filter The crystals aie treated 
m an autoclave for a few minutes at low pressuie, and foi additional pro- 
tection they are placed in ether just prior to inseition We are still rroiking 
on the sterilization of this pioduct and do not think that the most efficient 
means has as yet been determined 

All opei ations have been perfoinied under pi ocaine anesthesia The pellets 
have been placed in the infrascapular legion Owing to the susceptibility of 
addisonian patients to infection, we have insisted on following the most rigid 
aseptic technic The operations are peifoimed in the general opeiating room 
In three patients it has been necessary to nisei t tablets 111 tvo sites, and for 
these we have used a sepaiate table of sterile equipment foi the second 
operation In one patient we inserted as many as 12 pellets through a single 
incision 
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Opoative Technic — The incisions are earned well into the subcutaneous 
fat, and by inseiting and siDieading blunt scissois a number of pockets aie 
made m this layei These pockets radiate fiom the incision like spokes 
m a wheel, and ai e appi oximately 5 cm long and i cm wide When hemostasis 
has been completed, a nasal dilator is introduced into each pocket and opened 
so as to facilitate the inseition of a pellet By tying a black silk sutuie with 
an attached silver clip, a iDaiticulai pellet may be maiked foi futuie identifica- 
tion and removal 

In the 17 patients thus treated from Septembei, 1938 to Octobei, 1939, 
we have made ovei 30 implantations In no instance has there been any 
evidence of infection All the wmunds have healed pci pniiiain, and not a 
single pellet has been exti tided fiom the wmund 

None of the patients has complained of pain 01 soieness aftei the intio- 
duction of the hormone By lemoving and w^eighing some of the pellets we 
have established an absoiption lale of this compound m human beings It has 
been lemaikably constant m all the patients and amounts to o ^ mg per day 
foi each pellet w'eighing between 100 to 125 mg This late is somewdiat de- 
pendent upon the softness of the pellet and upon the suiface aiea It is not 
dependent upon the physiologic needs of the patient, foi w^e have found that 
patients wuth seveie adienal insufficiency do not absoib desoxy-coi ticosterone 
acetate fastei than those wdio have onl}' a slight insufficiency Our expei lence 
has show'll that the pellets placed m the 17 patients, lefeiied to above, have 
met the patient’s lequiiements foi coitical hormone foi periods langing fiom 
four to nine months Seveial of the patients have had then second implanta- 
tion, and 111 one of these theie is leasoii to believe that theie has been paitial 
legeneiation of coitical tissue 

The lesults obtained 111 the 17 patients undei obseivatioii may be sum- 
marized as follow's All but tw'o of the gioup have letuined to full activity, 
and aie w'oikmg as stienuously as they did befoie then illness began One 
patient mused liei husband thiough a seveie infection, 111 addition to caiiying 
on w'ltli hei household duties Another patient w'as able to have a tuberculous 
kidney lemoved w'lth the help of a few' injections of the hormone m oil thiough 
the postopeiative peiiod Eveij^ patient has gained w'eight, as is shown in 
Table I The average gam foi the gioup has been 5 4 Kg The impiOA'ement 
in both diastolic and systolic blood piessuie has been unifoim (Table II) 

In none of the 17 has theie been any suggestion of hypei tension, which w'e 
attiibuted to the caieful computation of hoimone lequiiements befoie the 
implantation w'as peifoimed All the patients had maintained a positive sodium 
and chloiide balance They have kept noimal concentiations of potassium, 
sodium and chloride 10ns in the blood plasma Similail}', the hematociit and 
plasma volume deteiminations leturned to noimal aftei tieatment w'as begun 
and have lemamed so Some of the patients have shown a deciease in the 
pigmentation of their skin, but none of them has lost all the pigmentation As 

One clinician, w'ho has implanted pellets of testosterone by the punch technic, has 
reported that a fair number of the pellets are subsequentlj eliminated through the wound 
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far as ^^e can tell, no patient in the group has shown any untoward effect 
fi oin this foi m of ti eatment * 


Table I 


THE ErrECT or S\ NTHETIC ADRENAL CORTICAL HORMONE 
ON BODY WEIGHT 



Before 

Present 

Duration 

Patient 

Treatment 

Weight 

of Treatment 

jM M 

51 3 Kg 

54 0 Kg 

380 days 

P W 

51 oKg 

55 4 Kg 

379 days 

E V 

54 4 Kg 

64 0 Kg 

377 days 

C N 

55 9 Kg 

64 3 Kg 

372 days 

F M 

6r 2 Kg 

65 4 Kg 

370 days 

J z 

39 3 Kg 

44 5 Kg 

363 days 

A S 

57 4 Kg 

59 2 Kg 

328 days 

J s 

55 2 Kg 

70 X Kg 

290 days 

J H 

63 2 Kg 

69 7 Kg 

271 days 

D B 

64 7 Kg 

72 6 Kg 

261 days 

I B 

48 0 Kg 

52 1 Kg 

234 days 

S W 

58 5 Kg 

64 5 Kg 

207 days 

R W 

71 2 Kg 

73 3 Kg 

181 days 

Y E 

51 9 Kg 

52 I Kg 

157 days 

W B 

41 2 Kg 

41 6 Kg 

150 days 

R M 

49 6 Kg 

54 3 Kg 

123 days 

F H 

59 5 K^g 

Table 

68 6 Kg 

II 

65 days 

THE ErrrcT or 

S\ NTHETIC ADRENAL CORTICAL HORMONE 

ON BLOOD PRESSURE 

Present 


Before 

Blood 

Duration 

Patient 

Treatment 

Pressure 

of Treatment 

M M 

83/72 

118/94 

380 days 

P W 

96/74 

130/80 

379 days 

E V 

94/66 

142/98 

377 days 

C N 

94/60 

134/76 

372 days 

F M 

90/56 

134/98 

370 days 

J z 

94/52 

136/92 

363 days 

A S 

110/70 

145/95 

328 days 

J s 

92/70 

140/90 

290 days 

J H 

98/60 

130/90 

271 days 

D B 

108/68 

135/85 

261 days 

I B 

110/74 

150/98 

234 days 

S W 

120/76 

124/78 

207 days 

R W 

108/70 

126/76 

1 81 days 

Y E 

102/74 

140/90 

157 days 

W B 

90/55 

122/76 

1 50 days 

R M 

98/60 

136/112 

123 days 

F H 

95/54 

130/90 

65 days 


Detailed protocols of the first six patients have been reported in the Bulletin of the 
Johns Hopkins Hospital, and a comprehensive report of the entire group is in the 
process of publication 


947 



WARFIELD M FIROR 


AnnaJ^ofSurmv 
Jxinc 1940 


Before leaving the subject it is impoitant to sound a woid of warning con- 
cerning the use of desoxy-corticostei one acetate Since the late of absoiption 
depends upon the consistency and surface area of the pellets, one can easily 
imagine that impropeily prepared pellets might crumble This accident 
would lesult m a rapid absorption of a laige amount of this potent hoimone 
Furtheimoie, it is wise to remembei that maii}'^ of the patients suffering fiom 
Addison’s disease are leally veiy sick, and the meie mtioduction of pellets 
IS not sufficient in then caie They should be undei caieful supei vision for 
at least two weeks aftei the implantation of the pellets At piesent, the Gov- 
ernment has not authoi i/.ed the sale of desoxy-coi ticostei one acetate, noi has 
It been accepted by the Council on Phaimacy and Chemisti}' of the American 
Medical Association 
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Discussion — Dr HARvm Stone (Baltimoie, Md ) I think cveijone 
heie must have been impressed, fiist, with the masteily jiresentation by 
Doctor Fnoi of this important subject and the clcai histone leview of the 
sequence of development up to the present time I am suie also we are im- 
pressed with this great addition to the theiapeutic possibilities of tieatment of 
deficiency disease by this new method, and I think we can all gather a lesson 
from it that advance at the jiiesent time in the complicated pioblems suigeiv 
now presents lequires the conceited efforts of the jih) siologist, chemist and 
suigeon woiking togethei It is no longei a question of a man woiking by 
himself with any hope of success Doctoi Fiioi has played an impoitant part 
m this sequence of development 

I should like to lefer to some woik Doctoi Owings and myself have earned 
on along somewhat similar lines A few yeais ago we piesented befoie this 
Association some expeiimental work m the transplant of living endoenne 
oigans At that time we weie entirely concerned with the thyioid and paia- 
thyroid Since then we have continued with that woik, and this may be a 
favorable oppoitunity to make a bnef lepoit of oui veiy scanty efforts in 
transplant of the adrenal cortex We have done thiee cases Without going 
into detail, two of these cases showed notable and definite imjiiovement One 
lived for nine months after transplant and was able to letuin to woik, following 
a rise of blood pressure comparable to those reported bj’’ Doctor Fnor He 
died of pulmonary tubeiculosis A second patient lived for two and one-half 
years after the first tiansplant, and was able to return to woik with a com- 
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pal able use of blood pressuie similai to those lepoited by Doctor Fiioi At 
the end of about two yeai s he showed some failui e of improvement and came 
back foi a second giaft, was again improved and about half a yeai later ac- 
quiied an acute influenzal pneumonia and died On the third case we aie not 
able to piesent much mfoimation The patient left Baltimore and we lost 
tiack of him We know he died a numbei of months later and we have noth- 
ing to say about the impi ovement, as to whethei it was marked or not 

So fai as the immediate efifect of the giaft is conceined, I think it is no 
bettei than pellet implantation of synthetic hoimone which Doctoi Firoi dis- 
cusses, and it may he that improvement m these cases was not so much due to 
the success of the giaft as to the sloi\ lelease of the hormone m the giafted 
tissue It IS difficult foi me to assume that we giafted sufficient tissue to give 
impi ovement foi two yeais, and the evidence suggests that the grafts suivive 
foi a ceitain peiiod of time and then disappeai 

One last woid This woik still falls shoit of the ideal in supplying the 
patient vith a living giaft which will not need replacement as is obviously 
necessaiy with the pellet method of Doctoi Fiioi, and I think eveiyone 
will agree the ideal remedy would be something that will last as long as the 
lecipient suivives 

Dr George J Heuer (New York, NY) I also should like to con- 
giatulate Doctoi Fiior on his splendid piece of expeiimental and clinical 
reseaich I am not sufficient!}^ familiar with the subject to discuss it, but 
I wmuld like to know'’ wdiethei Doctoi Fiior has obseived any ill effects from 
implanting the pellets m the tissues oi wdiethei he anticipates any dangei 
fiom their use 

Dr Warfield M Firor (Baltimore, Md , m closing) I am glad Doctor 
Heuer asked that question Theie is a leal dangei in this form of tieatment, 
inasmuch as the rate of absorption depends upon the consistency of the pellet , 
if one uses a soft pellet that crumbles easily, a patient wall absorb an enormous 
amount of this potent hoimone veiy quickly We have had such a case called 
to our attention The patient’s blood piesstiie w'ent to 200 and theie w'ere 
signs of impending caidiac failure The patient came to Baltimoie and I had 
to take out most of the pellets because this patient, having leceived soft 
pellets, w'as absorbing them too rapidly One has to be vei y cautious , and we 
do not allow any of these patients to go home until they have been in the 
hospital for about tw'o or thiee w'eeks aftei the pellets have been implanted 
In one wmiiian the absoiption late w'as too rapid, and I took out tw'^o of the 
12 pellets I had put m befoie I let hei return home We do not feel that 
this foim of treatment is leady foi general use, and w'e aie not absolutely cei- 
tam that w’’e have determined the best w'ay of stei ilizing these pellets 

We dissolve the hormone in hot acetone and then pass it through a Seitz 
filter The pellets ai e autoclaved at low' pressui e and finally w'ashed in ether 
just before implantation The Ciba Company, w'hich has undertaken the 
pieparation, has had a little difficulty m making pellets of unifoim consistency 
The Government will not permit desoxy-coi ticostei one acetate to be leleased, 
and the Committee on Pharmacy of the American Medical Association has 
not yet given its approval that this substance is a standard substitute foi 
adienal insufficiency 
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Of the congenital anomalies commonly encounteied in the cervical region, 
pel haps none have lesisted surgical collection foi so long a time as have the 
C3'^sts, sinuses and fistulae aiising fiom a peisistent thyioglossal duct The 
leasons foi this aie not altogethei cleai Since the natuie of the develop- 
mental defect has long lieen uell undei stood and since the problem of treat- 
ment offers little technical difficulty, it seems inci edible, in letiospect, that 
surgeons continued to employ with so little success inadequate measures until 
1920, when Sistiunk'* advised the excision of the entiie thyioglossal tract 
and devised foi this puipose a sate and thoioughly satisfactory opeiation 
Sistiunk was not one of the fiist to peifoim a radical pioceduie m these 
cases Schlange/ m 1893, and Durham,^ m 1894, cognizant of the fact 
that unsuccessful attempts at ctiie weie due to the incompleteness of the 
opeiative removal of the tract, divided and removed a segment of the hyoid 
bone and dissected the duct to the loot of the tongue Later Eliot," Spencer*’ 
and otheis advocated similai proceduies However, Sistrunk, recognizing that 
it IS not always possible to tiace the upwaid extension of the tract, even in 
cases in which the sinus has been injected Mith methylene blue, devised a 
pioceduie that would msuie the complete lemoval of the entiie tract and 
advocated its employment as routine 

A thyioglossal duct cyst is a letention cyst which aiises in a patent poition 
of the vestigial thyroglossal tiact and occurs anywheie in the midline along 
its patliway fiom the base of the tongue to the legion between the hyoid bone 
and the thyroid gland Clinically, the site of the cj'^st is fai more common 
lielow the level of the hyoid bone than above it Frequently the cyst ruptures 
through the skin spontaneous!}^ or is incised , an intermittent draining channel 
which may end blindly 111 the tissues, that is, a sinus, may lesult from lupture 
or the channel may lun uninteiiuptedly to entei the mouth thiough the 
foramen caecum, that is, a fistula 

Knowledge of the oiigin and development of the thyroid gland simplifies 
the understanding of the suigical treatment of thyroglossal duct cysts The 

+ Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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principal, if not the only, pnmordium of the thyioid gland aiises as an 
evagination or outpocketing in the vential wall of the primitive pharynx be- 
tween the first and second phai}ngeal pouches This position is maiked in 
adult life by the foiamen caecum at the base of the tongue behind the apex 
of the “V”-shaped low of the cii cunivallate papillae The piimitive th3ioid 
stiuctuie descends m the midhne thiough tissue which latei becomes the 
hyoid bone Inasmuch as the hyoid bone develops eithei simultaneously with, 
or later than, the descent of the tltyi oid gland, the thyi oglossal duct ma}^ vary 
in its 1 elation to the hyoid bone The tiact lined with epithelium pioduced by 
this descent noimally disappeais bet^^een the fifth and eighth weeks of fetal 
life, but occasionally fails to become obhteiated This failuie of obhteiation 
of eithei a poition of, oi of the entiie, thji oglossal duct subsequently may lead 
to the foimation of a thyi oglossal duct c}st, sinus and laiely a fistula (Fig i) 
The majoiity of opeiations for the tieatment of these conditions aie un- 
successful unless the entiie tiact lunning fiom the cyst to the foiamen caecum 
IS removed Since Sistiunk'* ” pioposed this opeiative technic for ladical 
lemoval of a thyi oglossal duct cyst and its tiact in 1920, his opeiative pio- 
ceduie has been employed in the suigical management of the majority of the 
cases at the Mayo Clinic The opeiation as pioposed by Sistrunk and em- 
plo3'ed by us, with a ceitam few miiioi modifications, is as follows 

Undei geneial anesthesia, a tlalls^else incision twm or three inches (5 
to 7 5 cm ) in length is made at about the level of the hyoid bone (Fig 2, 
inset) Wben a sinus is present it mav be injected wnth methylene blue to 
outline its course and an elliptic transveise incision made to include the sinus 
The skin, subcutaneous tissue, and platvsma muscle are reflected The C3st 
or sinus tract wall usuall3’' be found l)nng on the th3'iohyoid membrane It is 
dissected fiee fiom the surrounding tissues up to the h3’^oid bone The re- 
lation of the tiact to the hyoid bone is variable, usually passing thiough 01 
beneath the bone, but occasionall3'^ passing above it Foi this leasoii, to insure 
complete lemoval of the tiact at this point and to facilitate exposure above 
this point, the cential poition of the hyoid bone is freed above and below 
and the midportion, measuiing about one-quartei inch (063 cm ) m length, 
IS lemov'^ed vvuth bone f 01 ceps As a lule the dissection up to this point is 
earned out vvuthout great difficulty, but abov'^e this the tiact is usuall3 so small 
and friable that it is broken off easil3'^ and is difficult to lemov'^e Foi tins 
reason no attempt is made to isolate the tiact, but the duct and tissues sui- 
roundmg it foi a distance of 3 or 4 Mm on all sides are coied out thiough 
the muscles of the tongue to the foramen caecum (Fig 2) This can be done 
without difficult3'’ as Sistrunk has show n that the pathwaj'' of the duct coi re- 
sponds to a line drawn at an angle of 45 degrees backvvaid and upwaid 
through the point of intersection of lines drawn horizontal and perpendicular 
to the center of the hyoid bone (Fig i) This dissection can be facilitated 
by placing tbe index finger of the left hand in the patient’s mouth and pushing 
the foiamen caecum upvv^aid and foiw'^aid (Fig 3) portion of the h3mid 
bone, portions of the laphe of the m3doh3mid muscles, and portions of the 
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geniohyoid and genioglossus muscles ai e removed In cases m which the duct 
IS patent above the hyoid bone the formen caecum is also removed (Fig 4) 



but in otheis in which the cyst seems to be confined entirely to the subh}oid 
region it has been satisfactory to stop the dissection just at the foramen caecum 





Fig 2 — Dissection of th>roglossaI duct tract A 
segment of hjoid bone has been removed and duct with 
surrounding tissue is dissected through the muscles of 
the tongue Inset The incision 


without removing it and consequently without actually entering the mouth 
There is, however, no serious objection to enteiing the mouth The opening 
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Fig 3 — Finger m mouth locating foramen caecum and elevating tract 
Inset Closure of wound 

thiongh the muscles of the tongue is closed with inteiiupted sutuies of catgut 
placed supeificially to avoid the hypoglossal neives The edges of the hyoid 
bone aie brought together with stitches thiough the peiiosteum (Fig 3, 



Fig 4 — Excised thjroglossal duct fistula 

inset) A small rubbei tube diain is placed deep m the muscles of the 
tongue and the skin wound is closed with interrupted deinial sutures 
Fiom the yeais 1920 to 1938, inclusive, this opeiation has been pei- 
foinied at the Mayo Clinic m 293 consecutive cases The sex incidence of the 
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patients was two males to one female Opeiation was peifoimed upon only 
32 patients A\ho were less than ten yeais of age One hundred foity-four 
patients weie between the ages of ten and 40, 90 weie between 30 and 50 
3'ears, and only 27 beyond the age of 60 when the Sistrunk operation was 
perfoimed at the clinic The cyst 01 sinus had been noticeably piesent in 
some patients since biith, whereas m otheis it was present from a few weeks 
to even yeais A summaiy of data on the age at time of operation at the 
clinic and the sex of the 293 patients is given m Table I 

Table I 

AGE AND SEX 

Age in Years 


Sex 

N umber 

Per Cent 

Mean 

Youngest 

Oldest 

Males 

194 

66 2 

28 4 

3 

66 

Females 

99 

33 8 

25 I 

4 

58 

Total 

293 

100 0 

27 3 

3 

66 


We veie able to definitely tiace as to lecuirences, eithei by means of a 
questionnaire 01 by examination, 261 (89 i pei cent) of the 293 cases In 
166 (636 pel cent) of these 261 cases, opeiations, usually multiple, had been 
peifoimed pi 101 to the patient’s admission Several of these patients had 
had fiom thiee to ten opeiations In 41 of them the operative proceduie was 
limited to incision and diainage, whcieas in 125 at least one pievious attempt 
had been made to excise the thyi oglossal ti act In addition, in some instances 
the duct had been cuietted 01 cauteiized with electric cauteiy, caibolic acid, 
and othei caustics Fiequently suigical theiapy was supplemented by eithei 
loentgenotheiap}^, radium 01 both In seveial cases ultraviolet iriadiation, 
diatheimy, and iodine both externally and mteinally had been administered 
The operation m this gioup of patients piesented considerable technical diffi- 
culty Data on the lecuiience of the sinus, cyst 01 fistula in the 261 traced 
cases are given in Table II 

Table II 

RECURRENCE EOLLOWING OPER'ITION 

Recurrences 


Previous surgical measures 

Total 
Cases * 

166 

Cases 

3 

Per Cent 

I 81 

No previous surgical measures 

95 

I 

I 05 

Total 

261 

4 

1 5 


* Only 261 cases (89 i per cent of the total 293 cases) were 
definitely traced as to recurrences included in this table 
Theie weie only four lecuiiences m the entire gioup of 261 tiaced cases 
The only patient who had recuiience in the group who had not had a pievious 
opeiation was a man, 43 yeais of age He had noted the thyi oglossal duct 
cyst dining his youth and was one of the fiist patients opeiated upon, using 
this method m 1920 Shoitly after the opeiation, recuirence was noted 
The thiee patients who had undergone suigical proceduies prioi to the 

954 



Volume 111 
umber 6 


PERSISTENT THYROGLOSSAL DUCT 


Sistiunk opeiation peifoimed at the clinic and had lecuiience aie interesting 
The cyst of one patient, a man aged 31 yeais, had been noticed ^^hen he 
was t^^o yeais old It had been incised on mail} occasions, cauteiized iMth 
caibohc acid on otheis, and a ladical smgical excision attempted on two 
others When the Sistiunk operation was pei formed at the clinic, the enoi- 
inous amount of scairmg and lesultmg defoimity made a satisfactoi} opeia- 
tion impossible Recuiience took place a few months aftei this opeiation 
We recently have opeiated upon this patient again and, we feel, with much 
gieatei success The second patient, a man aged 34 years, had noticed the 
cyst at the age of 17 This was incised several times and two attempts at 
radical lemoval weie made elsewheie The lecuiience took place shoitly 
aftei the opeiation peifoimed at the clinic The thud patient, a youth of 
18 yeais, had the cyst at the age of 19 months It had been incised on seveial 
occasions and thiee attempts at ladical removal had been made When we 
first saw the patient the cyst nas acutely inflamed, so it was opened and 
drained, and a few days latei, m spite of the fact that the inflammation had 
not subsided, an attempt at ladical lemoval nas made The tissues weie so 
fragile and inflamed that the opeiation was exceedingly difficult Recuirence 
took place within a few weeks following the opeiation In the last two 
cases recent opeiation foi these lecuiiences has been peifoimed successfully 
Comment — The effectiveness of the operation as proposed by Sistiunk foi 
the complete removal of a thyroglossal duct cyst, sinus, 01 fistula is well estab- 
lished by the aforementioned results ^ Recui rences foi the most pai t can 
be attiibuted to the presence of extensive scarring and vaiious degiees of 
infection as a lesult of previous suigeiy We feel that one of the recui lences 
m our series could possibly have been avoided and that recuriences in general 
can he avoided if the radical opeiation is postponed until the piesence of 
acute infection has subsided In cases m which there is consideiable sur- 
rounding inflammation, it is usually best to make a simple incision and then 
several weeks after the inflammation has subsided completely peiform the 
radical operation Ceitainly, a thyroglossal duct cyst should not be incised 
unless inflammation is present for an unopened cyst makes the opeiation 
technically less difficult When incision and diamage is pei formed, it should 
be undertaken only with the undei standing that latei radical excision will he 
necessary for cuie We have found, as Sistiunk has pointed out, that the 
injection of some dye, such as methylene blue, facilitates the tracing of the 
tract and aids in the detection of lateral blanches in cases in which the cyst 
eithei has ruptured or has been previously tieated suigically In a few in- 
stances in which the cyst and its attachment have ended at the hyoid bone, 
because of a complete obhteiation of the poition of the tiact between the 
hyoid bone and the tongue the dissection was not earned through the muscle 
of the tongue Thus the opening into the mouth with its resultant discomfoi t 
for the patient was avoided In none of these instances has there been any 
evidence of recuirence We lealize that a sufficiently long period has not 
elapsed in all cases to exclude all possibility of a recuirence, but it has been 
oui experience that recurrences which are due to incomplete leinoval of the 
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tract usually take.'place relatively soon aftei operation In a few isolated in- 
stances they have' occurred a few yeais after operation, but these have been 
exceptionally laie and for this reason we feel leasonably certain in our analysis 
of these cases Only cases which weie checked carefully either by a follo\\-up 
letter oi by recent examination at the clinic were included in the study 

SUMMARY 

A sei les of 293 cases of thyi oglossal duct cyst 111 which the Sistrunk opera- 
tion was employed weie leviewed Two hundred sixty-one of these cases nere 
satisfactoiily tiaced as to the possibility of recunence There were four re- 
cuiiences m this senes The lecuiiences foi the most pait can be attributed 
to the piesence of extensive scaning and infection as a result of pievious 
stugeiy The effectiveness of the Sistiunk opeiation stands out in sharp con- 
trast with the many failures common to the less ladical procedures 
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Discussion — Dr Frank H Lahey (Boston, Mass ) I have been much 
interested in this very valuable paper I think we must all agiee that it was not 
until Doctor Sistrunk called attention to the necessity of removing the cential 
section of the hyoid, excising the thyroglossal tract up to the tongue, that we 
began to get good lesults m cases of thyi oglossal cysts Probably i\e have all 
had the same experience when we fiist peifoimed the operation The per- 
centage of recuirences was high, but since perfoimmg this radical operation 
the peicentage of recuirences has been zeio We have operated upon about 
200 patients with similar lesults 

There are a few things to be said regaidmg the operation The tract 
cannot be traced above the hyoid m most cases In certain cases theie aie 
collar-button tiacts above and below and the tiact can be well brought out 
A centi al block of tissue must be taken out up to the base of the tongue One 
does not have to be warned about the disadvantage of the longitudinal in- 
cision One has only to sec such an incision to know how terrible it is It 
makes a checkrem running down the chin to the hyoid which is extremely diffi- 
cult if not impossible to coriect I think one must be careful m excising the 
central portion of the hyoid bone to get an adequately wide removal We 
were, in the beginning, disturbed because we could not resuture the hyoid, 
but this IS not necessary In a great man}'- cases no attempt is made to do 
aitything but suture the muscle 

As Doctor Pembeiton has said, the thyi oglossal tiact represents the course 
along which the thyroid gland descends from its origin at the base of the 
tongue Occasionally the thyioid gland does not descend and one then has 
what is called a lingual thyroid We have had thiee patients with this con- 
dition in which all of the thyioid gland occurred as a mass of tissue at the 
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base of the tongue and so interfei ed with swallowing, as it continued to grow 
in size, that it lequiied removal Our experience with these lingual thyioids, 
1 elated as they aie to the descent oi nondescent of the thyioid, may be of 
inteiest We have never attempted to remove one of these lingual thyioids 
thiough the neck I think it is the wiong way In all three of these cases 
the lingual thyi oids have been successfully i emoved thi ough the mouth One 
must lemembei also that piobably all these patients will be myxedematous 
aftei lemoval of the lingual thyioids since they lepiesent all of the thyioid 
present The mouth is v idely dilated and silk traction stitches ai e placed on 
each side of the tongue It is extremely impoitant that these stitches be ni- 
sei ted veil back in the tongue so that the tongue can be pulled out to the 
forwaid poition of the mouth ivheie the lingual thyroid can be dealt with 
undei dll ect vision I undei took the fii st one of these cases v ith considei able 
trepidation I feaied that the bleeding would not be easy to control The 
dissection of the thyioid at the root of the tongue can be done very satisfac 
torily by splitting the tongue The mass can be i emoved without difficulty, 
bleeding can be conti oiled and when all the vessels have been ligated, the 
tongue can be quite accurately approximated Lingual thyroids aie quite laie 
but one should have in mind their possible pi esence if a tumoi is found on the 
back of the tongue and in the region of the foiamen cecum 

Dr Harold L Foss (Danville, Pa ) It was not completely cleai to me, 
from Doctor Pembei ton’s paper and Doctor Lahey’s discussion, vhether, 
loutinely, the hyoid is divided by them or, especially, in vhat peicentage of 
cases a segment of hyoid is excised We have had seveial recuiiences in 
my own clinic even with lesection of the hyoid bone Of couise, a most 
complete excision of the entire tiact must be cairied out, as was pointed out 
by Sistiunk and to-day emphasized by Doctoi Pembei ton It has been many 
years since I assisted the late Dr Walter Sistrunk, and yeais since I read 
his oiiginal paper In all piobability he advised, foi completeness’ sake, re- 
moving a segment of the hyoid along with the entiie fistulous tract, but I 
have foi gotten Doctor Pembei ton vill enlighten us, I am suie 

Dr Vilray P Blair (St Louis, Mo ) In legard to the points made by 
Doctor Lahey, I once made a total excision of a lingual thyioid gland and 
decided that m future I would lemove but part of the protiusion and save 
the necessity of subsequent thyroid gland extiact tieatment 

Dr J DeJ Pemberton (Rochestei, Minn, m closing) In legard to 
the lingual thyroid, I want to say that I think Doctor Lahey has bi ought out 
a very important point The success of the opeiation on lingual thyioid is 
dependent on adequate exposure and this can be obtained best by means of 
traction sutuies on the tongue If intiatiacheal anesthesia is used, the 
operation is not difficult, since the bleeding can be controlled by sutui mg 

Doctoi Foss asked if we removed a section of the hyoid bone loutinely 
We do, since at this point the thyroglossal duct cannot be visualized, in oider 
to be sure that complete dissection is earned out, the cential segment of the 
hyoid bone must be removed, as the duct sometimes runs thiough the bone 
itself I think that we owe a great deal to Doctoi Sistrunk foi his efforts in 
standardizing this opeiation As you know, up to his tune, the medical pro- 
fession looked on these sinuses m the light of a surgical rat hole, that is, they 
were annoying and troublesome to the patient but they were not dangerous 
to health Therefore, no one took pains to devise a satisfactoiy opeiation for 
their removal 
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RESULTS OF EACIO-HYPOGLOSSAL ANASTOMOSIS IN THE 
TREATMENT OF FACIAL PARALYSIS'^ 

Claude C Coleman, M D 
Richmond, A a 

ruoM TUP luiumiPNT O'' NPUHOiorrcAt suncun mpdic\l collfoe op iuciimond ^4 

SuRGER\ of the facial neive may be lequirecl foi the lestoiation of func- 
tion when the neive is paialyzeci fiom tiauma oi disease^ and to reduce oi 
abolish function Mhen the muscles it supplies aie involved in severe spasm 
In a papei- before this Association in 1936, attention was called to the parox- 
ysmal distuibance of function characteristic of surgical diseases of the cianial 
nerves In addition to the facial, othei cranial nerves showing explosive dis- 
tuibance of function aie the fifth and ninth in inti actable neuralgia, the eighth 
in Menieie’s disease, and the eleventh in spasmodic toiticolhs Destructive 
operation upon the affected neive is lequired for the relief of these condi- 
tions Operation upon the facial nerve is lesoited to in a laige majority of 
cases to restoie function, and m this resjiect suiger}'^ of the facial neive 
diffeis fiom that of other cianial iieives in which the opeiation is ah\ays 
desti uctive 

The deformity caused by seveie facial paralysis is too familiar to require 
desciiption but an analysis of the components of this deformity may be of 
some inteiest The most conspicuous and embaiiassing featuie of the de- 
foimity of unilateial facial paialysis aiises from displacement of the mouth 
by unopposed contraction of the muscles ot the healthy side, wheieas the altera- 
tion of facial appeal ance caused by paialysis of other muscle gioups, such as 
those of the upjier hp, ej^elids and blow, is not exaggerated b}^ the activity 
of the muscles on the normal side (Fig i) Fiom loss of function of the 
mandibulai bianch of the neive theie is not only sagging and deviation of 
the lips \\hen the face is in lepose but emotional expiession on the healthy 
side diaws the mouth out of alinement and suddenly pioduces a marked in- 
crease in the defoiniity Fiom obseivation of patients upon whom section of 
the uppei branches of the neive had been pcifoimed for the relief of facial 
spasm or in cases of accidental division of these blanches, we have been 
greatly impiessed with the slight facial deformity lesulting fiom loss of action 
in the muscles of the upper pait of the face wlien balance of the mouth is 
letamed by action of the lowei bianch of the neive (Figs 2 and 3) There 
may be sagging of the lowei eyelid from loss of inneivation to the orbicularis 
oculi but this IS not a conspicuous defoimity and may be gieatly impioved 
by exteinal canthoplasty 

Decompression of the nerve in the bony canal, diiect sutuie and nerA'e 

* Read before the Fiftj -second Annual Meeting of tlie Soutliern Surgical Association, 
Augusta, Ga, December 5 , 6 , 7, 1939 
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graft have been enthusiastically advocated foi lesions in oi peiipheial to 
the bony canal and these leconstiuctive opeiations will piobably supeisede 
anastomosis when the location of the lesion is favoiable foi such piocedures ’ 
In my obseivation of the lesults of sutme and giaft of the tiunk of the 
facial neive I have been impiessed with the failuie of these opeiations to 
lestoie emotional expiession or to prevent mass movements of the face The 
development of mass movements of 
the face and the peinianent loss of 
nonnal emotional expiession aftei 
neive giaft oi sutuie aie due to de- 
fective legeneiation of the neive Fol- 
lowing seveie paialysis, legeneiation 
of the facial neive, whethei sponta- 
neous 01 aided by sutui e oi gi aft, pro- 
ceeds with some disoidei of the le- 
generatmg fibeis and vith deflection 
of the new fibei s fi om the com se the} 
normally follow Fold and Wood- 
hall,"^ m a vei y mtei estmg papei , have 
discussed the effects of misdiiection 
of legeneratmg neive fibeis upon 
the subsequent action of the facial 
muscles After section or a sevei e 
degeneiative lesion of the neive, new 
fibeis from that pait of the nerve 
noimally intended foi one gioup of 
muscles may penetiate every muscle 
group within the facial domain, thus 
preventing the isolated action of in- 
dividual muscle groups so essential to 
emotional expiession The result is 
that when the patient attempts to 
close the eye, the muscles about the 
mouth contract and effoits at expres- 
sion by action of the muscles about the mouth aie accompanied by associated 
conti action of the orbiculaiis oculi While it is possible in opeiation foi diiecl 
suture to pieseive the neive pattern m a gioss way, stiaying and deflection of 
the new fibers cannot be pi evented This phenomenon of faulty i egeneration 
fully explains the failuie of any suigical pioceduie to restore normal move- 
ments of the face and emotional expiession aftei severe lesions of the tiunk 
of the neive The situation is altogethei different aftei successful lepaii of one 
or more peiipheial branches of the facial neive In such cases the misdiiec- 
tion of fibers of the legenerating neive would affect only the group of muscles 
noimally supplied by that branch of the nerve and vould not mar facial ex- 

959 



Fig I — Facial paialysis with marked atrophy 
and deformity follo^\lnff complete remo\al of a 
left acoustic neuroma two vears preMousIy Pi 
tient’s general and neuiologic condition excel 
lent with exception of facial paralysis T\pical 
deformity of complete facial paralysis when 
atrophy of the muscles has taken place No re 
sponse to gaKanic stimulation on affected side 
Anastomosis not indicated Operation for support 
of the face by fascial strips after Browns method 
November 9 1939, with immediate impro\ement 

in patient^s appearance Operation too recent for 
postoperative photographs Photograph used to il 
lustrate severe progressive deformity when in 
nervation of facial muscles is permanentlv des 
troy ed 
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piession The lesults of sutuie of important branches of the nerve are highly 
successful horn eveiy standpoint 

While several suigical piocedures are in common use for the relief of 
defoimity lesultmg fiom seveie facial paialysis, anastomosis of the facial 
with another motoi cianial neive is the only piocedure which will restore in- 
neivation to the paralyzed facial muscles following an intracranial lesion of 



Fig a — Panbsis of the upper branches of 
the facial nerve caused b> a glass wound in the 
parotid region As is usinl in such cases the 
mandibular bnneh of the nerve escaped injurj 
Photograph illustrates the important part pla>ed 
by the mandibular branch of the nerve in the 
preservation of facial sjmmetr> Even in smil 
mg, the mouth is fair]> well balanced although 
there is slight droop of the upper lip Some 
widening of the palpebral fissure is shown Su 
ture of the individual blanches of the nerve 
November 2 1939 two months after injur> 

Evidence of returning function expected ni 
about three and one half months after operation 


Fig 3 — Patient shown in Fig 2 sho}ying 
mabilitv to close eje on the affected side If it 
is impossible to repair the branches of the nerve 
to the muscles about the e>e, considerable im 
provement mav be obtained from canthoplastv 


the neive Theie can be no adequate substitute foi anastomosis m such 
cases Intracianial injuiies of the facial neive formerly weie raie but now 
aie frequently seen due to the inci easing number of operations for cerebel- 
lopontine angle tumoi, with destruction of the facial nerve by complete removal 
of the tumoi and its capsule (Figs 4, 5 and 6) 

When anastomosis is lequiied for inneivation of the paratyzed facial 
musculature we have prefeired the hypoglossal to the spinal accessory because 
of its functional similarity to the facial Facio-hypoglossal anastomosis will 
restore movement to the paralyzed muscles m piactically eveiy case, will 
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balance the face in lepose and pi event atiophy of the muscles on the affected 
side These results fully justify this type of surgical proceduie for the im- 
pioveinent of a defoimity which without opeiation becomes pi ogi essively 
w^oise (Figs 7, 8, 9 and 10) Function of the muscle gioups cannot he in- 
dividualized aftei facio-hypoglossal anastomosis, and wdien the patient re- 
sponds to emotional stimuli the expiession of emotion is legistered only on 
the healthy side Smiling is accompanied by slight deviation of the mouth 
to the normal side due to delayed action 
and w^eakness of the muscles about the 
mouth on the affected side Fiontahs 
action has been lecovered m only one 
case in our series aftei hypoglossal 
anastomosis The loquacious patient 
IS the most unfavoiable type foi facio- 
hypoglossal anastomosis, and m such 
patients the spinal accessoiy might be 
used Theie is a marked difference in 
the activity of patients’ tongues, not 
only with respect to talking but also 
when sw^allowmg Associated move- 
ments of the face are pi oduced by 
action of the tongue after hypoglossal 
anastomosis In some patients in 
wdiom the movements of the tongue 
during swallowing or talking are very 
active, theie aie exaggerated conti ac- 
tions of the muscles about the eye and 
lips, giving the patient m an extieme 
case a grotesque expiession Success 
of anastomosis opeiations depends to 
a gieat extent upon the patient himself 

Results of facio-hypoglossal anastomosis compare favorably wuth those 
of suture or giaft of the nerve trunk, but anastomosis lequnes the saciifice 
of another cranial neive and if the hypoglossal is used it necessitates conti ol of 
the movements of the tongue to minimize associated movements Atiophy 
of the tongue caused by section of the hypoglossal appeals to be of no im- 
portant significance and causes no appieciable mteifeience wuth speech or de- 
glutition (Figs II, 12 and 13) 

Much has been said about leeducation of the patient wdio lecovers function 
of the muscles following opeiation foi facial paialysis It is difficult to undei- 
stand how such leeducation could be very successful w'hen diiected only to 
improvement of action of the pieviously paialyzed muscles Accepting the 
experimental evidence of regeneiation of the neive and the phenomena of 
deflection of axis cylindeis fiom normal pathwajs, one can leadily appreciate 
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Fig 4 — Complete left facial paralysis foi 
lowing total renio\aI of an acoustic neuroma 
There was also injurv to the left trigeminal 
nerve The lids ha\e been sutured to protect 
the eye Left facio hvpoglossal anastomosis, 
March 8, 1937, to relieve the paralysis 
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the obstacles to reeducation With misdnection and deflection of legenerat- 
ing axis cylinders the entii e facial musculature on the affected side is made a 
single functional unit and the facial muscles move en masse It seems im- 
possible foi leeducation, undei such ciicumstances, to effect mateiially a dis- 
sociation of action of vaiious muscle gioups In some cases efforts at re- 
education may lesult m increasing the patient’s defoimity by bringing about 
ovei activity of tlie affected side, causing gnmaces which may become habitual 
We believe that much more can be accomplished in improving the results 
of opeiation by instiucting the patient to suppress facial movements and 
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Fig 5 — Photognph of the patient in Figure 
4 2 1 months after anastomosis Reco\er3 of 

motion in alJ muscle groups except the frontalis 
and platjsnia No dcformitj is CMderit 3\heii 
the face is in repose 


Fig 6 — Photograph of the patient shown 
in Figures 4 and 5 shown closing the e>es with 
little associated mo\ement Atropln of the mus 
cles of mastication caused b} injurj to the tn 
geminal ner\e when the tumor was remo\ed 


emotional expiession on the noimal side Suppiession of facial movements 
should become a fixed habit 

The lesidual effects of facial paralysis after maximum recoveiy of func- 
tion following anastomosis opeiations, obviously, will vaiy in importance 
according to the patient’s occupation, age, sex and social position One must 
give serious consideiation to the unavoidable destruction of the facial nerve 
III operations foi the complete i emoval of acoustic tumors The patient should 
be fully infoimed before opeiation is undei taken that complete i emoval of an 
angle tumoi is almost inevitably followed b}^ facial pai alysis and he is entitled 
to know in detail the features of such pai alysis In only one case have we 
been able to comirletely lemove an acoustic neuioma without destroying the 
facial nerve (Figs 14 and 15) Facial paialysis is a small sacrifice to make 
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foi the assuiance of peimanent eradication ot an acoustic neuioma as a pii- 
niaiy proceduie especially when one leflects that operations foi lecuiience 
of these tumors following incomplete lemoval aie highl) dangeious and may 
be impossible The aigument foi a moie conseivative type of opeiation foi 
acoustic neuioma is stiengthened m ceitam cases by the fact that the tumoi 
IS a benign one, and aftei complete enucleation of the tumoi with almost 
complete lemoval of the capsule, lecuirence piobabh ^^ould not take place 
foi a gi eat many yeai s 



Fig 7 — Results of facio h>poglossal anas 
tomosis for relief of facial paraljsis following 
complete remo\al of a left acoustic neuroma 
Tumor s>mptoms completely relieved by operation 
and the patient is actively engaged in his work 
Photograph show s the face in repose The 
mouth IS well balanced, there is little difference 
in the width of the palpebral fissures and \erv 
slight alteration of the patient’s facial appearance 
Photograph two jears after anastomosis 


Fig 8 — Photograph of the patient in Figure 
7 showing limitation of emotional expression 
with some weakness of the left side of the mouth 
The functional results of the operation in this 
case were highly satisfactorj 


When theie is residual paialysis or incomplete recoveiy of impoitant 
muscle gioups the patient’s appeal ance may be impioved b} supporting the 
face with fascial strips, as desciibed by Brown,^ m 1938, and stabilizing the 
paialyzed side m this manner is the only opeiation that will impiove the de- 
formity when the facial muscles have lost galvanic 1 espouse 01 when there 
IS extensive destiuction of peripheial blanches of the nerve In many cases 
the combination of nerve anastomosis and fascial support gnes the best 
lesults, and we believe this combination of surgical procedures should be 
employed moie fiequently 
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Faao'bypoglossdl anastomosis is an opeiation of little difficulty and negli- 
gible iisk An incision is made extending fiom the tip of the mastoid process 
downwaid, following a ciease m the neck about 2 cm beneath the mandible, 
extending m the diiection of the thyioid caitilage (Fig i6) The hypo- 
glossal neive is fiist isolated at the level of the cornu of the hyoid bone and 
tiaced backwaid to where it curves around the occipital aiteiy, but it is not 
sectioned until the facial tiunk has been identified and divided Exposure of 
the facial neive m the digastiic fossa is accomplished veiy easily by letracting 








Tig 9 — Photograph of the patient m Figures 
7 and 8 showing mass movements of the face 
on the left side when efforts are m^de to forcibly 
retract the angle of the mouth on that side No 
evidence of frontalis function 


Fig 10 —Photograph of the patient in 
Figures 7, 8 and 9, showing closing of the e>es, 
vshich IS accompanied b> movements of the 
muscles about the mouth Photograph one jear 
after anastomosis 


the digastiic muscle dovMiwatd and follo^Mng the digastiic branch of the facial 
upwaid to the tiunk Section of the facial tiunk is made as close as possible 
to the stylomastoid foramen The branches to both the stylohyoid and the 
digastric muscles aie sacrificed but the lesulting paialysis is apparently not of 
gieat importance, although it may account for some difficulty in swallowing 
After division of the facial the peiipheial stump is pulled downwaid and 
placed in a suitable position foi sutuie The hypoglossal is then sectioned 
sufficiently close to the tongue to permit the cential segment to be approxi- 
mated with the tiunk of the facial without tension (Fig 17) This lequires 
section of the thyrohyoid blanch of the hypoglossal and m some cases it is 
impossible to approximate the ends of the two nerves satisfactorily without 
freeing the descendens hypoglossi fiom the mam trunk of the nerve Anas- 
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lomosis should be perfoimed caiefully, with accuiate approximation of the 
neive sheath and without piojection of nerve fibeis between the sutures 
Thiee aiteiial sutuies aie sufficient to unite the nerves In some cases i\e 
have sutuied the proximal end of the descendens hypoglossi to the peiipheral 
end of the hypoglossal tiunk Atiophy of the tongue following this procedure 
has developed m eveiy case except one, showing that attempts to preserve the 
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Figs 14 and 15 - — Photographs of the patient after reco\erj from facial paraljsis caused b> 
removal of a large left acoustic tumor and its capsule The intracranial portion of the nerve was 
greatlj lengthened and it was protected during the operation There was a teniporar\ facial paralysis 
lasting about si\ months The natient was bedridden for some time before operation and was tin 
conscious when admitted to the hospital She made a complete recover> from tumor svmptoms with 
the resumption of full duties as a school teacher Photograph three >ears after remo\aI of tumor 
No evidence of impaired facial expression 


trophic supply to tlie tongue are geneially futile The junction of the 
anastomosed neives should be covered by the digastric muscle which is re- 
ti acted downward duiing the operation 

The fiist evidence of leturning function of the neive following anastomosis 
is impioved tone in the paralyzed muscles and the lestoration of balance of 
the mouth In about three and one-half months feeble movements appear 
about the angle of the mouth and spiead upward to the eye muscles which 
show definite conti action in about six months During the stage of paralysis 
the sagging face should be suppoited by adhesive strips and the muscle tone 
preseived as much as possible by facial massage The maximum impiove- 
inent is reached aftei about two yeais 
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Regal diess of the type of surgical pioceduie employed foi the lehef of 
complete facial paialysis, one must be impiessed iMth the fact that the 
maximum lecovery following all opeiations leaves much to be desned, and that 
the patient’s facial appeal ance is never lestored to noimal Facio-hypoglossal 
anastomosis foi the lelief of paialysis following mtiacianial lesions of the 
nerve will balance the face in lepose, restoie movement of the paialyzed mus- 
cles, and pi event fuither disfigui ement lesulting from atiophy of the muscles 




Fig 1 6 — Drawing showing exposuie for Fig 17 — Di awing showing the h\poglossal 

right facio hj poglossal an'istomosis The ster trunk dnided and anastomosed to the pcupheral 
nomastoid muscle is retracted backward The trunk of the facial The tlnrolnoid branch is 
h>poglossal and the facial nerves are shown sacrificed in mobilizing the nei\e for suture 
B> retracting the digastric muscle downward and The dotted lines show the com se of the descendens 

backward, a small branch of the facial nerve hvpoglossi which has been sutured into the 

to this muscle can usually be found Tracing peripheral segment of the h^ poglossal ner\e 

this branch backward leads to the trunk of the (Redrawn from Facial Spasm A\\\ls of 

ner\e Surger\ Ma> 1937 ) 
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Discussion — Dr Charles Bagley, Jr (Baltimore, Md ) Doctor Cole- 
man has piesented to us, under the title of “Facial Nerve Surgery,” a very 
mteiesting group of patients aftei lemoval of acoustic nerve tumors He 
has done this m his usual modest fashion, with no effoi t to call attention to 
the difficulties encounteied in the removal of this type of tumor fuither than 
to mention the necessaiy destiuction of the facial nerve in the majority of 
cases Any tumor m the ceiebellai pontine angle is rathei inaccessible, so 
that the operation piesents many mechanical difficulties The actual m- 
coipoiation of the seventh and eighth nerves in the tumor mass forces one to 
choose between a subtotal lemoval or total loss of function of the seventh 
and eighth nerves on the side of the tumoi In theory, this would seem to 
be a veiy simple choice On the contrar}^ one always dreads to face a patient 
whose complete facial paralysis is of his making Doctor Coleman has, in 
these cases, attempted to give the patient the advantage of total removal and 
then to restore the function of the facial nerve 

In this type of paialysis, wheie one Knows the neive has been destioyed, 
waiting foi spontaneous return is not necessary Doctor Coleman’s plan 
of repairing the neive at the eailiest possible moment has the advantage of 
restoring the nerve befoie damaging atiophy of tissue has advanced too far 
The functional results shown by his patients are quite satisfactory at the 
piesent time, and, as some of these operations have been performed rather 
recent])^ there will be greater improvement as time goes on 

Doctor Coleman is to be congi atulated on the veiy excellent lesults ob- 
tained in a numbei of patients with complete lemoval of acoustic nerve tumors 
m whom he has been able to reestablish facial nerve function so that the price 
which they have paid for complete lemoval will ultimately be minimal 

Dr Joseph E J King (New York, NY) I want to congratulate 
Doctor Coleman on his splendid paper, his management of facial nerve in- 
juiies m geneial, and his fine lesults in this senes I have always felt that 
facial neive injuries should be consideied undei three headings First, those 
in which the neive is destroyed in its intracianial course, second, that gioup 
in which the nerve is mjuied oi destroj^ed in its couise thiough the temporal 
bone, and third, those wheie the injury has occuired in the peripheial por- 
tion of the nerve Theiefoie, the operation of choice for lestoration of the 
nerve will depend upon the level or point where the nerve is destroyed 

Most of the cases which have come undei my obseivation were those m 
which the injury was associated with mastoid disease oi following mas- 
toidectomy All of these I have lefeiied to Di Thomas Tickle for nerve 
graft I have done this foi thiee leasons — he has obtained very good results 
with his cases, there is no scar on the neck, and there is no associated lieini- 
paralysis and atrophy of the tongue 

In those cases in which inti acranial destiuction has taken place, a graft 
IS out of the question, and in such cases the anastomosis described by Doctor 
Coleman is naturally the procedure of choice In cases in which the damage 
to the neive is in the peiipheral poition, and sutuie cannot be accomplished, 
one must resoit to fascial strips 

Dr Frank H Laiiey (Boston, Mass ) I am sure that this is no place 
foi the general suigeon to entei into a discussion of neive anastomosis in 
our clinic this is the field of the neuiosurgeon On the other hand, I think 
if we have differences of opinion legarding choice of nerves, we should state 
them I have had many opportunities of viewing end-results following injury 
to hypoglossal neives, and I am impressed with this as an undesirable situation 
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Doctors Poppen and Horrax feel the same ^^ay, and, theiefoie, I may say A\e 
piefer to use the spinal accessory neive Doctoi Poppen has perfoimed 
most of these opeiations and. although the functional lesult has been ex- 
cellent, the spinal accessory nerve has been chosen m 19 cases and the hypo- 
glossal 111 one I have had seveial cases 111 which the hypoglossal nerve has 
been involved in malignancy and its saciifice has been lequired It must be 
that theie is a variation m the degiee of dysfunction following paralysis of 
the hypoglossal neive Ceitamly, in some of my suigical cases I have thought 
it undesiiable to have patients talk vith a thick speech and to have difficulty 
with mastication You have to question youiself — will 3011 choose to sacii- 
fice the function which has to do with speech and swalloumg, 01 the one 
which has to do with the last 90 degiees of abduction of the aim, which is 
the function taken awa}'^ when the spinal accessoiy is used m the anastomosis’ 
The last 90 degiees of motion is accomplished by scapular lotation thiough 
the accessor}^ innervated trapezius We have felt that it is bettei foi the 
patient to lose this last 90 degiees of aim abduction than to have difficulty 
with speech and swallowing That ma}'^ be onl) a diffeience of opinion but it 
has been the conclusion of Doctoi s Hoi 1 ax, Poppen and myself 

Dr Vilray P Blair (St Louis, Mo ) The most striking featuie of this 
contiibution is Doctor Coleman’s analysis of the functional lesults of neive 
anastomosis — and that might have something to do with the choice of the 
repair method Whethei we like the fascial strips 01 not, most of ouis aie 
perfoimed m that wa}^ because most of the cases we see aie either too old 
to ofifei hope of restoring muscle action 01 the neive injui}'- has been of small 
filaments m the paiotid gland, and it is piactically impossible to make an 
anastomosis m these If the fascial stiip opeiation is performed caiefully, 
an almost perfect restoiation of the quiescent face will lesult Maii}^ have 
tiled to obtain musculai motion by turning down a piece of the massetei 
muscle, but I have nevei been sufficiently impiessed vith the pioceduie to 
try it Bi own’s real contribution was not tiying to turn down a piece of 
muscle which might slough or scleiose but his pioceduie is to extend the 
fascia far enough to allows attachment to the undistuibed muscle, wdnch is, 
I think, the diffeience betw^een success and probable failuie 

Dr Claude C Coleman (Richmond, Va ) closing I w^ant to thank 
Doctors Bagley, King, Blair, and Lahey for then part in the discussion I 
agree wnth Doctor King that nerve graft may be used as a substitute foi 
anastomosis wdienever the lesion is favorably situated Nerve grafts foi 
lesions m the facial canal wall not be follow^ed b} associated movements but 
the}’’ do not prevent mass movements, and I have nevei seen a nene graft 
restore emotional expiession 

In facio-ltypoglossal anastomosis, mo\ements of the face aie initiated b}^ 
moving the tongue Unless action of the tongue is lepiessed. associated 
movements of the muscles about the e}'^e ma}'^ be troublesome Anastomosis 
operations, of course, aie much simpler than neive giafts in the facial canal 
A thorough knowdedge of the suigical anatomy of the temporal bone is essen- 
tial to exposure of lesions of the facial neive m the facial canal 

Doctoi Lahey has expiessed a piefeience for the spinal accessoiy neive 
when a cianial neive must be used to lestoie innervation to paialyzed muscles 
of the face The choice of the neive to be used has long been a subject of 
much contioveisy As stated in my papei, we have used the hypoglossal be- 
cause of its closei functional similaiit}'’ to the facial PIoweAer theie are 
cases in wdnch the spinal accessor}^ may be piefeired We ha\e used the 
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spinal acccssoiy in only one case, that of an old lady with facial paialysis fol- 
lowing complete removal of an acoustic iieuioma, who objected to any 
opeiation which would affect the neive of hei tongue The point not being 
of gieat impoitance in hei case, we weie willing to use the spinal accessory 
Fiom a caieful study of patients, both before and aftei facio-hypoglossal 
anastomosis, I have not been impiessed nith any loss of function from sacrifice 
of the hj'poglossal neive Voice records have been made of these patients 
befoie and aftei opeiation, showing no noticeable interference with speech 
In complete lesions of the neive proximal to its exit fiom the facial canal, 
function of the digastiic, stylohj'oid and buccinatoi is lost That of the 
digastiic and stylohyoid would be peimanently lost regardless of which 
neive is used in the anastomosis It may be that some impaiiment of 
the hyoid stabilwation has something to do with the speech and it is very 
piobable, too, that the buccinator, like the frontalis, does not lecover as 
completely aftei nerve giaft or anastomosis as other muscle groups Iin- 
paument of function of speech oi deglutition, attributed to section of the 
iivpoglossal on one side might be due in pail at least to impaiiment of func- 
tion in these three muscles and not to loss of the hypoglossal 

From my obsei cation of section of the spinal accessorj^ as a pait of the 
suigical tieatment of spasmodic toiticolhs I am inclined to believe that the 
loss of the hypoglossal is of less impoitance than that of the spinal accessor)' 
In view of the fact that section of either of these nerves cariies no consider- 
able penalty, it would seem that the choice between the hypoglossal and the 
spinal accessoiy neives in anastomosis should not be determined by the loss 
of function incident to section of the substituting nerve but should depend 
upon which nerve would bring about bettei facial movement 
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Hiatal hernia is the teini used to designate a heimation of abdominal 
contents thiough the esophageal hiatus of the diaphragm All heiniae of the 
diaphiagm, theiefore, do not come undei this heading, but of lecent )eais 
the fiequency with which the hiatal heiniae have been lecogmzed has been 
so great that the attention of the medical piofession has been called to this 
condition in a stai thng way 

The first heiniae of the diaphiagm that were lecogmzed were of the 
tiaumatic type Ambioise Paie lepoited two cases of the traumatic type as 
eaily as i6io and, in 1769, Moigagm wiote the fiist monograph on the subject 
Hoivevei, until lecent yeais the hiatal type has not been w^ell lecognized At 
the Mayo Clinic the first hiatal heinia was found at opeiation in 1908, but it 
w^as not until 1921 that the diagnosis was made by loentgenogiaphic ex- 
amination 

Moeisch,'^ 111 going over the lecoids at the Mayo Clinic, found that, 
fiom 1932 to 1937, theie weie 267 cases in which theie was a positive diagnosis 
of diaphi agmatic henna made at roentgenogiaphic examination Of this num- 
bei, there w^ere 246 of the hiatal type m contiast to 15 of the tiaumatic and 
SIX congenital herniae 

Harrington^ has gone back in the ]Ma3 0 Clinic lecoids to 1908, when the 
fiist case of hiatal hernia w’'as lecogmzed, as mentioned above, and found 
that fiom that time until 1926 the diagnosis of hiatal henna w^as made just 
17 times, but that from 1926 to 1938 the diagnosis was made 399 times This 
is 23 times as many cases in the past 12 yeais as in the pievious 18 }eais 
Also, a marked increase in the 1 oentgenologic diagnosis is staithngly hi ought 
out by the contrasting figures of one case in 1921 and 99 cases in 1937 Dui- 
ing the penod 1908-1938, a diagnosis of diajD In agmatic henna (all t}jDes) was 
made 1 oentgenologically, or at opeiation, in 514 cases 

Others are also noting the same changes m the frequency of the diagnosis 
of this condition At the Guthne Chine- theie w^eie five cases of hiatal henna 
lecogmzed and opeiated upon fiom June, i 927 > to Januaiy, 1938 Since then 
(until Novembei, 1939) theie have been 14 cases found These will be con- 
sidered later 111 the paper 

Harnngton believes that the hiatal henna is no more frequent now than 
20 years ago but that the appaient increase in the number of cases is due to 
the fact that both clinicians and ladiologists are looking foi the condition and 

*Read at the Fifty-second Annual J^teeting of the Southern Surgical Association, 
Augusta, Ga , December 6, 7, 8, 1939 
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both aie coming to lecogmze the symptoms and findings of the disease The 
diagnosis does not depend entirely on the radiologist but the clinician plays 
an impoitant pait by lecognizmg the symptoms and lequesting tlie proper 
examination 

Hiatal heiniae liave been divided by Akeilund^ into thiee types (i) A 
congenitally shoit esophagus with paitial or complete thoiacic stomach, (2) 
a noimal length esophagus not foiming pait of the hernia but with a para- 
esophageal heinia, and (3) a shoit esophagus forming part of the heinial con- 
tents Moeisch states that the fiist is usually due to embryologic retaidation, 
but the possibility of such a pictuie occuiiing as a lesult of cicatrization of 
the esophagus cannot be dismissed The othei two types are of congenital 
oiigin 111 the same sense as inguinal heiniae, and any factoi that tends to in- 
ciease intra-abdominal piessme may act as a contributory factor Trues- 
dale' believes the cause is a relaxation of the muscle stiuctuie of the diaphragm 
supei imposed on a congenital deficiency of tissue sui rounding the lower end 
of the esophagus Moeisch, Ude and Rigler,® and Akerlund all noted that 
the thud 01 sliding type was moie fiequently found than the othei two 

The first type needs little discussion The esophagus may be so shoit that 
the stomach may he almost entirely within the thoiax This is raie and is as 
a lule the only abdominal oigan involved m the abnormal position Usually 
the esophagus is not this short and only a poition of the stomach is above 
the level of the diaphragm Theie is often a nan owing at the diaphragmatic 
level and fiequently spasm or even ulcei foimation vith bleeding occurs at 
this point It IS not reducible undei oidinaiy conditions Harrington says 
It IS not a tuie heinia but an abnoimahty of development The second and 
thud types of this classification aie the only ones which he lists as tiue 
herniae 

In the second tjqie, which has a normal length esophagus, it is found that 
the lowei end of the esophagus is attached to the hiatal ring and does not form 
a part of the heinial contents which aie para-esophageal It is usually le- 
ducible and fiequently 1 educed when the patient is m the upright position — a 
factor that may lead to a missed diagnosis if the patient is not examined 
1 oentgenologically in the supine position 

The thud type, or sliding henna, in leality has a normal length esophagus 
but one which has become shoitened as the caidiac end of the stomach has 
pushed thiOLigh the hiatus The esophagus does not remain attached to the 
hiatal ling Oidinaiily it is also easily leducible and in some patients re- 
mains 1 educed when in the iipiight position Either of these latter tw'o types 
may become 11 reducible if adhesions foim in the mediastinum holding the 
stomach above the diaphiagm 

Many of the hiatal herniae pioduce few 01 no symptoms, if theie ate 
symptoms, they aie usually not clear-cut or specific of the condition In gen- 
eial, the amount and type of abdominal visceia herniated is in direct piopor- 
tion to the symptoms , involving only a portion of the cardiac end of the 
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stomach may pioduce moie seveie symptoms than a laiger henna iinohmg 
the gieatei pait of the stomach Harrington also points out that a large 
majoiity of the patients will aheacly have had an aveiage of thiee eiioneous 
diagnoses made before the tiue natuie of the disease is discoveied He lists 
these in ordei of frequency as cholecystitis, cholelithiasis, gastiic ulcei, duo- 
denal ulcei, hyperacidity, secondary anemia, caidiac disease, caicmoma ot 
the caidia, stnctuie of the esophagus, appendicitis and intestinal obstruction 
Morton^ points out, howevei , that m oldei patients other diseases may actually 
be piesent and an accuiate diagnosis becomes difficult 

One of the most constant and most fiequent of symptoms is pain situated 
undei the lowei end of the sternum This pain fiequently radiates thiough 
to the back, is usually mild m onset, and comes on during or shoitl} after 
eating Frequently, the patient will notice that liquids aie easily taken but 
that solid food, unless veiy well masticated, will cause discomfoit Again, 
they will also note that aftei a veiy large meal the} aie moie likely to have dis- 
tiess than if a small meal is taken and ovei eating is not indulged m When 
present, this pain often leads to confusion v ith peptic ulcer because thei e may 
be relief from food, milk oi soda If the pain is moie seveie and associated 
with vomiting, one might easily confuse the diagnosis v ith gallbladdei disease 
Other symptoms aie vomiting, hemorrhage, belching, weakness and anemia 
Occasionally m the laige herniae theie is pulmonaiy or caidiac embarrass- 
ment with symptoms of dyspnea and palpitation Spasm of the diaphragm 
may cause phrenic pain in the left shoulder oi even simulate angina pectoiis 
Moersch points out that the symptoms fiequently are intensified or ag- 
gravated by the recumbent position 

Bleeding comes from the mucous membiane of the stomach following 
erosion oi ulceration and, when present, indicates an incarceiation at the 
hiatal ling Subacute peiforation was demonstiated at opeiation m one of 
the cases reported by Guthrie and Brown “ Because of the heav} muscula- 
ture of the stomach wall the stomach does not become sti angulated Han mg- 
ton says that strangulation is not possible because of the “poweiful musciila- 
tuie and iich blood supply of the gastric wall ” 

The definite diagnosis of hiatal heiniae lests upon i oentgenographic lecog- 
nition The hiatal hernia can be most easily seen with the patient in the le- 
cumbent position Only in those wheie it does not reduce easily in the upiight 
position or in those in which it is fixed by adhesions in the thoiax can it be 
lecognized while the patient is standing In biief, the loentgenologic ex- 
amination IS earned out as follows While standing in front of the fluoroscope 
the patient is asked to take one shallow of the baiium mixture This is 
watched as it passes dov n the esophagus and into the stomach Often, as the 
baiium passes the caidia theie is a suspicion of a hiatal hernia The routine 
examination of stomach and duodenum is then carried out as the patient 
finishes drinking the barium mixtuie The table is then tilted so that the 
patient is in the pi one position Furthei examination of esophagus, stomach 
and duodenum are earned out The patient is also turned face dovn so that 
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the banum filled portions of the gastio-intestinal tract may be studied from 
all angles Roentgenogi ams aie taken with the patient in the supine position 
The head is turned to one side and a mouthful of banum is sucked up thiough 
a glass tube and swallowed This banum is watched while it passes thiough 
the esophagus as the patient swallows against gi avity The exposure is made 
just aftei this pait of the piocedtire 

In those having a congenitally shoit esophagus the hernia cannot be re- 
duced and, theiefoie, is appaient in both upright and lecumbent positions 
Idle upper poi tion of the stomach is usually pointed and the esophagus emp- 
ties into this uppei oi peaked portion In the tiue hiatal herniae (the para- 
esophageal and sliding types) the contour of the herniated portion of the 
stomach is lounded The distal end of the esophagus enteis the stomach in 
Its 1101 mal position In the para-esophageal vaiiety the lover end of the 
esophagus is fixed to the hiatal iing but in the sliding type it ma}' be seen to 
change its i elation m the thoiacic cavity It is impoitant in this sliding type 
to deteimine whethei the esophagus is of noimal length or not 

Moersch stresses the value of esophagoscopy in the study of this condi- 
tion The findings m the patients with a congenitall}' shoit esophagus are a 
nan owing of the esophagogasti ic junction with a dilated portion below this 
point showing folds of gastiic mucosa Theie is no evidence of the noimal 
diaphragmatic hiatus The nan owing may be fusifoim and fiom i to 7 cm 
111 length 01 may be a membrane vhich partially obstiiicts the lumen There 
may be ulceration at this point vhich often simulates that of carcinoma 
The sliding tyjie hei nia maj closely 1 esemble the congenitally short esopha- 
gus Here, howevei, the esophagus is moie ledundant and the point of nar- 
1 owing IS less pionounced and shoitei In some cases it may be advisable to 
examine the patient fluoioscopically with the esophagoscope in place, in order 
to deteimme the exact 1 elation of the esophagogastnc junction 

Esophagoscopy is especiall}^ indicated in the bleeding cases, in order to 
determine the extent of the eiosion 01 ulceration and to lule out the possibility 
of anothei lesion causing the bleeding Haiiington feels that it should be 
earned out in eveiy case of hiatal henna in which opeiation is to be tindei- 
taken Carcinoma of the caidia has been found in connection with hiatal 
henna, and using esophagoscopy m making the positive diagnosis tends to 
mmimize unfoieseen therapeutic piobleins 

Not all hiatal herniae should be subjected to suigeiy, although in the laigei 
hennae, and those producing severe symptoms, a surgical piocedure is the 
only means to lelieve the patient An absence of symptoms 01 veiy mild 
symptoms are contiaindications to suigeiy but it is impoitant to have a record 
of the condition so that any increase in symptoms will not be judged to have 
a suigical or caidiac basis 

Root and Piitchett'’ believe that, in the medical management of these 
patients, they should be instiucted to eat fiequent, small meals and remain 
elect foi some time aftei eating They should not eat just before retiring 
at night Moersch feels that the procedure of choice m patients with a con- 
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genitall} slioit esophagus is to dilate the nan owing at the esophagogasti ic 
junction He does point out, however, that, if theie is no definite stenosn 
and no ulceration of the mucous membiane, it may not be a tine congenitalh 
shoit esophagus although the i oentgenologic and esophagoscopic examinations 
might point to this Haiiington has opeiated upon such patients and found 
that the stomach could be i educed and that the esophagus was not actual!} 
shortei than noimal In the very obese patient a simple i eduction in weight 
wull often lelieve the symptoms 

Haiiington, wdio has had the laigest expeiience in the tieatment of hiatal 
heiniae, divides them into thiee gioups fiom the standpoint of tieatment 
The fii St includes those wulhout oi w ith only mild symptoms wdio do not 
need any treatment In the second aie those with modeiate s}mptoms who 
leqiuie only conseivative measuienients, as legulation of diet and i eduction 
of weight In the thud gioup are those wxth seveie symptoms oi those 
wdio have not found i elief from the conservative means , these i equn e an 
opeiative pioceduie He also places m this opeiative gioup those patients 
with heiniae laigei than 5 cm in diameter and all those wdieie the colon ma} 
be involved in the hernia 

Intel ruption of the phienic nerve should be effected befoie a ladical opeia- 
tive pioceduie and is a necessity if dealing wnth the congenitally shoit 
esophagus and thoiacic stomach In some cases, where a radical opeiation 
IS contiaindicated, section of the phienic neive may be employed as a pallia- 
tive measuie When used with direct attack on the hernia, tempoiaiy mtei- 
luption is piefeiied unless theie is some indication to make it peimanent As 
a palliative means, it is employed to prevent spasm of the diaphragm and 
thus cut dowm the severe attacks wuth dangei of incaiceiation of the stomach 
and to give the medical ti eatment a chance to heal ulcei s of the gastric mucosa 
It usually does not completely relieve the symptoms but the patients get along 
well if they aie caieful with then diet 

Opoatwe Technic — The abdominal approach is most fiequently employed 
m lepainng the hiatal henna By cutting the suspensory ligament to the 
left lobe of the livei it can be letracted to the light, exposing the left hypo- 
chondiium The stomach should be explored foi any pathologic lesion which 
may be associated wnth the hernia Wide exposure is necessaiy and aftei 
being reduced fiom its thoracic position the stomach must be leti acted 
sti ongly downw^ai d 

Hainngton sti esses the impoitance of removing the heinial sac It is 
w^ell to point out that the heinial sac in the hiatal henna is m the poslenoi 
mediastinum and not in the pleuial cavity ^^'e pass a stomach tube aftei 
the sutuies aie placed to make suie the lumen of the esophagus is not con- 
stncted The suture neaiest the esophagus should include a small bite of the 
outei layeis of the wall of tins oigan to insuie its being fixed in normal posi- 
tion and to keep it from tending to cliaw' again into the thorax Befoie clos- 
ing the abdomen, othei oigans especially the gallbladder, should be explored 

Postoperatively, anv signs of shock must be immediately combated An 
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oxygen tent may be employed to advantage luit we have not found many 
patients lequnmg this treatment Howevei, our seiies of operated cases 
IS small Ventilation of the lungs with caibon dioxide and oxygen twice a 
day foi thiee days aids greatly in pi eventing postopeiative pulmonary com- 
plications Liquids may be staited as toleiated by the patient, followed by a 
modified soft diet on the thud or fouith postoperative day The care of the 
wound IS that of an}'' othei abdominal incision 

Ten of the 14 cases seen lieie since Januaiy, 1938, have been females 
Nine of the 14 have been treated by conseivative means One was treated 
consei vatively plus a dilatation of the esophagus On one, a phrenectomy was 
the only opeiative pioceduie diiectly associated with the hiatal heinia On 
thiee, phienectomy was perfoimed and the enlaiged hiatal opening was le- 
paiied A biief summaiy of these 14 cases is appended 

UJBREVlATJD RJ PORTS 01 14 CASES OP HIATAL HCRMAE 

Case I — Female, age 62^ was examined in Mar, 1938 

Hi^iov — Substernal pressure, six weeks, food lodged in throat, belching of gas, 
pain to right of spine below costal margin, intermittent, five >ears Phjsical examination 
was essentially normal Roentgenologic examination demonstrated a small hiatal hernia 
Treatment None 

Case 2 — Female, age 58, \\as examined Ma> 12, 1939 

Histoiy — Indigestion foi se\eral >ears, severe anemia, two 3 ears previously, roent- 
genologic studies weie negative at that time, severe anemia just before admission 
Operation appendicitis, duodenum explored Pin sical examination was essentiall}^ nor- 
mal Roentgenologic examination demonstrated a large hiatal hernia , ulceration at 
diaphragmatic ring Fasih 1 educed Treatment Conservatne, back rest, Sipp) diet, etc 

Case 3 — Female, age 63, was admitted December 30, 193S 

Ihsto) V — Cellulitis of legs , “stomach trouble^^ for some time , difficult> 111 swallow- 
ing, burning in epigastrium, attacks of nausea and vomiting Physical examination 
elicited soreness in epigastrium, otherwise normal Roentgenologic examination 
demonstrated a hiatal hernia, 4 cm in diameter Treatment Conser\ativc Symptoms 
persist but are not severe 

Case 4 — Female, age 38, was admitted June 5, 1939 

Hisioiy — Mild choking sensation, constriction around neck for one ^ear, heart- 
burn, palpitation on exertion Physical examination was essentiall} normal Roent- 
genologic examination demonstiated a large hiatal henna, approximately 7 cm in 
diameter Treatment Conservatn e , antispasmodic Impro\ ed 

Case 5 — Male, age 80, was examined June 21, 1938 

V —Abdominal pain followed by gastric hemorrhage and unconsciousness, 
six months previously, had been taking a nomesidue diet and alkaline powders since 
that time , had no complaints when examined here Physical examination was essentially 
normal Roentgenologic examination demonstrated a small liiatal hernia No lesion of 
stomach or bulb TrcTtment Conservative, antispasmodic 

Case 6 — Male, age 40, was admitted March 13, 1938 

History — Hematemesis and tarry stools, 36 hours , no stomach complaints previously , 
no distress Physical examination elicited slight epigastric tenderness , secondary anemia 
Roentgenologic examination demonstrated a hiatal hernia Gastric mucosa 2 cm above 
diaphragm Treatment Conservative, restricted diet, alkaline powders Follow-Up, 

November 17, I939 No distress wdiatever 

Case 7 —Female, age 58, w^as admitted August 16, I 939 
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7i7J/o> —Difficulty in swallowing for two years, liquids taken but solid food 
caused trouble, vomiting with above for a few weeks, ner\ous and had strenuous vork 
Physical examination was essentially normal Roentgenologic examination demonstrated 
a small hiatal hernia , some pylorospasm Treatment Dilatation of esophagus, lour times , 
August 22, 23, 31, and September i, 1939 Antispasmodics Follow-Up Condition but 
little improved Plan to section phrenic neive 

Case 8 — Female, age 64, was admitted August 21, 1939 

Histoiy — Severe digestive disturbance with pain and ^omltlng, se\en months, 
occasionally vomited blood and had tarry stools, had lost 100 pounds in -weight Ph^il- 
cal examination Weight 213 pounds, mild hypertensive heart disease, postoperatue ven- 
tral hernia , tenderness in epigastrium Roentgenologic examination demonstrated a 
hiatal hernia , lesion on lesser curvature in thoracic portion of stomach Esophagoscopj 
Showed thoracic portion of stomach, lesion not seen Tieatment Phrenectonn Septem- 
ber 6, 1939 (Ventral hernia November i, 1939 ) Good result Follow-Up, Novembei 
22, 1939 No distress whatever 

Case 9 — Female, age 43, was first admitted in 1923 

Histoiy — Choking, food distress, vomiting blood Operative duodenal ulcer in 
1923 (gastro-enterostomy and cholecystectomy) 1928 — Disconnection of gastro-entei os- 
tomy 1929 — Symptoms returned Conservative treatment 1939 — Belching gas , epigastric 
pain IS to 20 minutes after eating Physical examination was essentially normal Roent- 
genologic examination demonstrated a large hiatal hernia Treatment Phrenectomy, 
February 14, 1939 , diaphragm closed with silk Follow-Up Still has small hiatal 
hernia No epigastric distress November 21, 1939 Some leturn of symptoms Choking 
sensation, not as severe as previously 

Case 10 — Female, age 57, was examined August 27, 1939 

Histoiy — Vomiting after meals since childhood Treated for stomach ulcei , 
epigastric distress Ph3"Sical examination was essentially normal Roentgenologic ex- 
amination demonstrated a hiatal hernia, 5 cm in diameter Treatment Phrenectonn, 
September 5, 1939 Hernia closed with silk 

Case II — Female, age 59, was examined August 28, 1939 

Histoiy — Nausea, pain and fulness in epigastrium for two 3 ears Diagnosed else- 
where as malignant tumor of cardia, in 1937 Physical examination elicited tenderness 
throughout abdomen , achlorhydria Roentgenologic examination demonstrated a hiatal 
henna, filling defect of the cardiac end of stomach Treatment Phrenectonn, Sep- 
tember 19, 1939 Hernia closed i\ith silk No tumor found Cliolec3 stectom3 and 
choledochostomy 

Case 12 — Male, age 66, was examined October 12, 1939 

Histoiy — Stomach trouble foi 3 ears, diagnosed (here) coronar3, in 1933, gastric 
hemorrhage, duodenal ulcer in 1936 and 1937 Physical examination vas essentially 
normal Roentgenologic examination demonstrated a hiatal hernia Treatment Con- 
servative Nothing done 

Case 13 — Male, age 63, was examined September 29, 1939 

Histoiy — Stomach trouble for two months Cone attack four 3 ears before, roent- 
genogiams negative) , careful of amount of food — not t3pe of food, slight upper abdomi- 
nal distress, occasional nausea and vomiting Ph3Sical examination elicited slight epi- 
gastric distress Roentgenologic examination demonstrated a hiatal hernia Treatment 
Conservative 

Case 14 — Female, age 67, was examined in September, 1939 

Hij/oiy— Cholecystectomy m 1922 Attacks of gas, occasional nausea and vomiting, 
had car injur3 two months before stud3— S3mptoms of congestne heart failure Ph3Si- 
cal examination W'as essentialK normal except for ver3 mild congestue heart failure, 
achloih3dria Roentgenologic examination (i) Heart 105 undersize, small atelectasis, 
(2) multiple diverticulosis , (3) hiatal hernia Treatment Conser\ati\e 
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The nicidence of hiatal heinia is still highei than one would expect 
Many moie cases aie being lecognized each year than previously, and if the 
condition is kept in mind when examining the patient with atypical gallbladder 
and stomach complaints, a laigei number of these will be discovered Low 
substernal distiess, inconstant and mild in chaiacter, noted especially after 
laige meals, is an impoitant symptom The clinician aids in the diagnosis by 
becoming suspicious of the piesence of hiatal hernia and requesting appio- 
pi late examinations 

It is necessai}'- foi the i ocntgenologist, especially, to be on the aleit for 
this disease and to always examine the esophagus and stomach with the patient 
in the 1 ecuinbcnt as well as in the upi ight position 

It is well to have the knowledge that the condition exists so that in the 
event of an mcicase m symptoms the patient will not undergo a needless opera- 
tion foi a suspected abdominal lesion oi be placed upon a cardiac regimen 
Not all of the lesions are suigical conditions and conservatism can be car- 
1 led out m many cases aftei the diagnosis is made 
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UMBILICAL AND MIDLINE VENTRAL HERNIAE ^ 

Howard Mahorner, M D 
New Ohlevns, La 

THOM THF DPP'wRTMtNT Ol ‘^imCFn\ TOL>iSE CMM^nSlT'i SCHOOl OP MPDICINL CIURITI UOSPITVl. 

TOURO INFIUMVRF \ND D\PTIST UOSPITVL NEW OHLE V\S, IV 

The story of heima paiallels closely the histoiy of suigeiy In no othei 
blanch of suigeiy has piogiess been moie giadual and less diamatic Always 
an exleiioi pioblem, henna has been of inteiest to the eaihest medical authois 
Its lecoids, instead of showing how^ much the ancients knew, demonstiate 
how' little essential knowledge they had concerning a pioblem legaided as 
being among the simplei piocedmes of modem suigery It also demonstiates 
how meftectnal, and even hopeless weie the oldei eftoits at tieatment We 
still have much to be desned m the tieatment of heiniae and the piospects foi 
improvement in the futuie lemain gieat Undoubtedly many moie impiove- 
ments, some even as impoitant as those of Halsted^ “ and Bassmi,^ will be 
made Advances m the suigei} of hernia, wdnch will piomise moie ceitain 
assuiance of peimanent successes, aie needed Even more often than we 
geneially appieciate, the cme is only tempoiaiy 

Besides infection, which was one of the gieatest detei rents to opeiation, 
the ancients did not know how' to lepaii the heinial defect Then pioceduies 
were most ineffectual Galen^ cut aci oss the spei matic vessels and sac , 
Celsus”’ removed the testicle and sac The desciiption of the opeiation foi 
inguinal hernia given by Paulus Aegmeta,” wdio lived not latei than the sixth 
century, states “Aftei placing the patient m the lecumbent position and 
getting the skin m the gioin stretched by an assistant, we make a tiansveise 
incision Then w^e stietch out the incision to such a degiee as to afford room 
for the testicle to pass thiough An index fingei is mtioduced to the back 
part of the sciotum to bung the testicle with the tunica vaginalis into the inci- 
sion W e ascei tain wdiethei a fold of intestine be caught m the tunica vaginalis 
If so, w^e must pi ess it dowui into the belly Then we take a laige-size needle 
containing a double thiead and pass it thiough the middle at the extremity of 
the peritoneum close to the incision We bind the pei itoneum seem ely Then 
making an incision at the low^er end of the sciotum to save a dischaige, w^e in- 
troduce an oblong pledget and apply embrocations of oil ” This was fairly 
chaiactenstic of all operations desciibed foi henna befoie those of Bassini and 
Halsted The oldei operations consisted of simply tying off the sac wuthout 
repairing the defect in the abdominal w^all Some ancient physicians burned 
the area of the external iing down through the fat layer with an actual oi 
potential cauteiy, expecting the resulting scai tissue to hold back the hernia 

Petit,’’^ wdio lived from 1674 to 1750 was one of the first to make any at- 

- Read before the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1039 
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tempt to sew fascia ovei the defect This he did by suturing the internal pillar 
of the external oblique to the external pillai, in an attempt to obliteiate the 
external nng of the inguinal canal He employed a gold suture, which may 
have been the origin of the teim “ci own-stitch ” No more efficient operation 
was devised to lepaii a hernia until about i88g, when Halsted and Bassmi, al- 
most simultaneously, desciibed then operative piocedures 

Bcfoie Bassmi and Halsted, even able suigeons with laige practices usually 
legal ded opeiation foi henna as a pioceduie attended with such dangeis, and 
so little piomise of success, that they lecommended opeiation only for com- 
plicated hciniae such as stiangulated ones Tuisses weie advocated even foi 
iiieducible heiniae by Sii Astley Coopei^ (1768-1841), a cup-shaped suppoit 
being employed 

Befoie the sixteenth century, patients with stiangulated herniae were 
abandoned to then fate The physician’s efforts were directed to lelief of the 
ileus and distention, but not by release of the sti angulation No operation was 
performed, and measuies foi lehef consisted in attempts at reduction by taxis 
and othei palliative measuies Dining the sixteenth centuijq the operation 
of cutting the constricting nng foi stiangulated hernia made its appearance 
Accoiding to Malgaigne,'’ Maupas, in 1551, was the fiist to opeiate for 
stiangulated henna The opeiation consisted of a fiee incision into the ab- 
domen in the legion of the pubis and the 1 eduction of a scrotal henna The 
henna lecuned This was a gieat advance, but shoitly thereafter Pierre 
Fianco,^” in 1561, desciibed cutting the nng without incising the sac foi re- 
lease of sti angulation This nas a fuither improvement because it obviated 
going into the pentoneal caiit}^ and 1 educed, in those days, the dangers of 
peritonitis Plowevei, HeisteH^ (1683-1758), an outstanding Gennan sur- 
geon of his day, advocated attempts to 1 educe ineducible 01 stiangulated 
henna by taxis If this failed, he advised clysteis, even of tobacco smoke, b}' 
the use of which he said he often had surpnsing success If the henna le- 
mained uin educed foi 24 hours, he advised opeiation, which consisted in cut- 
ting the nng If, aftei opening the sac, the omentum was found to be gan- 
gienous. It was cut off, but if intestine was found to be gangienous the wound 
was simply diessed with lint Fuithei advances in the tieatinent of stiangu- 
lated henna concerned surgeiy foi the gangienous intestine Tuisses con- 
tinued to be the method of choice for the tieatinent of all herniae except 
stiangulated ones, even to the end of the nineteenth centui}^ Scaipa’" ( 1747 “ 
1832) advised the use of a tiuss even aftei opeiation, because he said the 
heiinal sac cannot be closed up to the abdomen and recun ence otherwise le- 
sulted Macready,^^ in a monogiaph in 1893, still advised trusses except where 
opeiation was absolutely necessary 

The measures employed foi the ladical cure of umbilical henna weie just 
as impel feet as the older measuies foi inguinal hernia Celsus® recommended 
pressure on umbilical herniae between two ruleis 01 ligation of the entire 
hernia, permitting the umbilicus and sac to slough out and heal by scarnng 
below the ligature Paulus Aegmeta ligated the sac permitting the distal pait 
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to slough off A method with a similai piinciple has been advocated even in 
recent times 

Stoiei/^ 111 1867, vas among the fiist to sutuie the fascia togethei to cine 
iimbihcal hei nia With an elliptical incision, he excised the umbilicus and sac 
He Moiked fiom below upwaid, putting in metallic sutuies as fast as he le- 
moved the sac These sutuies included all tissues of the abdominal wall 
Bulled sutuies geneially weie not employed at that time Storer opeiated 
upon a patient having veiy doubtful indications foi suigeiy Definite contia- 
mdications weie piesent His patient, a female, age 41, had had repeated at- 
tacks of jaundice and hepatic pam He peifoimed an exploiatoiy opeiation 
through a lowei midhne incision The hvei was atiophic and the gallbladdei 
distended He closed the abdomen and the patient lecoveied Shoitly theie- 
aftei, the patient began to have maiked distention of the umbilicus because of 
accumulation of ascitic fluid He was toiced to tap hei moie often than othei- 
wise feaiing, he said, a luptuie of the umbilicus Because of this, he chose to 
lepaii the umbilical henna The patient died, and on reporting the case at a 
meeting, he i\as seveiely ciiticized by a number of his contemporai les foi pei- 
forming a useless operation He, too couiageously, published his ciitics’ views 
saying he would leave to posteiity the judgment ot the merits of his opeiation 
Honevei, present ludgment cannot altogethei condone the selection he made 
in subjecting vhat appeals to be a hopelessl} sick patient to a pioceduie which 
promised too little even foi the cuie of the defect foi which it was intended 

Clinical Mat dial Coimdei cd — Dining the two-year penod, 1937 and 1938, 
112,686 patients weie admitted to Charity Hospital, New Oi leans Of this 
numbei, 170 patients had heiniae of the umbilicus 01 midhne of the abdomen 
Umbilical heiniae accounted foi 136 of these, hnea alba heiniae accounted foi 
only 10, and midhne incisional heiniae weie present in the remaining 24 
patients Fifty-seven of the patients with umbilical 01 midhne vential herniae 
weie opeiated upon for the henna Fort3’^-one of the heiniae were of the 
primary umbilical type, 12 of the senes weie incisional herniae, four of which 
were umbilical, one epigastiic, and seien lowei midhne herniae Four of the 
cases wei e pi unary epigasti ic herniae 

Race and sex are important factois in the development of these heiniae 
The colored race seems to have a predisposition to umbilical heinia Of the 
136 cases of umbilical heiniae, 97 (62 pei cent) were in the colored lace and 
39 (28 per cent) were m the white race Duiing the same penod, 53 pei cent 
of the total admissions were white and 47 per cent were Negioes Thiity 
of the 41 patients with primary umbilical heiniae subjected to surgery were 
women Twenty-two of these women were Negroes and eight of the ii males 
were Negroes The cause of highei incidence in the Negro may be explained 
on less meticulous care during the postnatal penod, and possibly to a gieatei 
prevalence of rickets 111 that race Undoubtedly, however, there is a racial 
predisposition to the defect in addition to the factors mentioned The under- 
lying causes are probably absence of the umbilical fascia in a higher percentage 
of Negroes than in the Caucasian lace Gorelow^® found the umbilical fascia 
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deficient in 40 pei cent of 300 bodies studied So far as can be determined, 
no such study has been made in the coloied lace This deficiency of fascia 
permits the development of umbilical henna much more readily when othei 
etiologic factoi s appeal 

Two common opeiatn^e causes of umbilical henna aie (i) obesity, and (2) 
piegnancy The influence of obesity in the development of umbilical and nnd- 
Ime vential hennae of surgical significance, is definitely shown in this series of 
41 cases Seventeen of the i^atients with umbilical hennae weie described as 
obese or veiy obese Six of the 12 patients with incisional herniae ^^ere obese 
Indeed, so often do umbilical bennae become senous problems m stout women, 
that any tendency to obesity should be consideied an indication for suigeiy 
foi an otherwise inconsequential heinia 

Though many of these hennae are lifelong in duration, it is surprising how 
many of the patients date the appearance of the henna to a lecent time Many 
of these patients have small hennae, which are lecognized only nhen another 
factoi makes them enlaige One-fourth of the patients gave the duration of 
the henna as undei two yeais 

Piimaiy henna of the linea alba is not common There weie only 10 re- 
corded diagnoses of this condition among these 112,686 admissions Henna 
of the linea alba is usually located above the umbilicus Primaiy herniae of 
the linea alba below the umbilicus are extiemely lare Linea alba herniae are 
usually small They fiequently begin by piotrusion only of preperitoneal fat 
through a small opening, subsequently a piojection of pentoneum follows as 
the ling of the henna enlaigcs Omentum enteis the sac and may be follow'ed 
by intestine Piepentoneal fat is fiequently the only hernial protiusion 111 epi- 
gastnc hernia In foui pnmary epigastnc hennae it w^as found twnce In the 
othei instances the contents of the hernia w'eie not mentioned In 41 opeiated 
umbilical hennae, prepentoneal fat alone was found in the hernia in seven 
instances Only one of these w^as stiangulated The frequency of piepen- 
toneal fat foinnng the hennation in epigastric herniae is explained by tbe 
abundance of preperitoneal fat in this vicinity aiound the round ligament of 
the livei The idea that epigastnc hennae usually cause gastric symptoms by 
pull on omental contents is fallacious Some furthei cause foi tbe gastric 
symptoms must be diligently searched for before such a conclusion is arrived 
at Even then, if the gastnc symptoms are attributable to the hernia, the 
mechanism is piobably leflex and not mechanical 

The ages of patients opeiated upon for umbilical benna in this series varied 
fi om 3 to 68 yeai s The oldest patient had a strangulated hei nia Most um- 
bilical hennae, legarded as surgical, are m patients in the middle decades of 
life Thn ty of 41 umbilical herniae were m the thii d, fourth, and fifth decades 
The type of operative i^ioceduies employed in this gioup of cases was 
varied These 57 cases of umbilical and midline ventral herniae w^eie repaired 
by 33 surgeons The types of operative closure chosen w'ere The Mayo in 21 , 
longitudinal appioximation in 12, longitudinal overlapping in twm, and spht- 
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ting the lectus and sepaiate appi oximation ot anteiioi and posteiior sheaths 
in thiee In this gioup the umbilicus was excised m 25 instances 

In the 12 cases of incisional heinia, the lecoids stated that a Mayo type 
of closuie was peifoimed, 111 five, longitudinal appi oximation of the Imea alba 
was eftected In the lemainmg two cases, a longitudinal (side-to-side) over- 
lapping closuie -was made In the foui Imea alba lepaiis, the Mayo type of 
closuie was eftected 111 two cases, tiansveise appi oximation m one, and longi- 
tudinal o\ei lapping (side-to-side) m one 

Infections de\ eloped postopei atn eli in ii of 57 cases In the lepair of 45 
of these, catgut was employed and infections developed m nine instances (20 
pei cent) In one of these theie was an evisceiation , in one theie was a veiy 
superficial infection (skin sutuie) In the lepaii ot 10 cases, silk w^as em- 
plo)ed — and infection de^ eloped m one ( 10 pei cent) In two cases, the type 
of suture matei lal emplo} ed w as not noted One of these developed an infec- 
tion 

SeAenteen of the heiniae w^eie niedncible, and 11 weie stiangulated — ne- 
cessitating emeigency opeiations Two patients died tollowong opeiation foi 
stiangulated herniae The moitaht}, iheiefoic, in the entiie gioup w^as 35 
per cent, and in the gioup of stiangulated heiniac, 18 pei cent 

A female, age 45, was admitted wnth an umbilical henna, wdnch was said 
to have been ineducible foi thiee da}s It w^as stiangulated At opeiation 
omentum was found in the sac A j\Iayo type ot closuie was perfoimed The 
patient died on the second postopeiatne da} and at neciopsy a gangienous 
loop of bowel was discoveied 

A female, age 50 was admitted with an umbilicel henna strangulated foi 
two da}S At opeiation, a henna of the Richtei type was found Theie was 
no evidence of gangi ene of the bow el The anesthetic emplo} ed was ethylene 
and ethei The closuie w^as of the Mayo t}pe The patient died six hours 
after operation Neciopsy showed no definite cause ol death — it being ex- 
plained as a “postopeiative state ” 

Infoi Illation concenimg the final lesults (ovei one yeai postopeiative), was 
obtained by letter fiom 28 patients Foui of these admitted lecunences, and 
these recuirences w^eie among 22 cases wnth umbilical hennae The lecui- 
lenceiate, therefoie, by lettei, foi umbilical hernia w^as 182 pei cent Fifteen 
of these patients w^eie examined, and 111 this gioup, all of whom answered by 
letter previously, twm admitted 1 ecui 1 eiices, by lettei, but examination le- 
vealed four recuiiences Of the 15 patients examined foi lecuiiences ii 
had been operated upon foi umbilical heiniae In these ii patients, foui had 
recurrences , thus the true 1 ate foi recui 1 ence of umliilical hei nia in examined 
cases was 3636 pei cent The foui patients wdio had lecunences weie all 
obese They w^eighed 210, 195, 170 and 286 pounds, lespectn^ely On the 
other hand, two patients wdio did not show^ lecunences on examination weighed 
206 and 207 pounds, lespectively It is obvious that though obesity is a potent 
factoi III the incidence of lecunence, its presence does not ahvays pieclude a 
pel nianently good 1 esult 
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Types of Repmi — In a discussion of present methods of operating for 
umbilical oi linea alba herniae, Storer’s article, 1S67, deserves comment be- 
cause It was, appaiently, the fust effort to do moie than simply tie off the sac 
Whethei he leahzed the impoitance of getting the edges of the fascia togethei 
is not clear, since he sutured tissues en masse This, however, antedated, by 
a numbei of years, the fundamental pi ocedui es advocated by Bassmi and Hal- 
sted foi cui e of inguinal hernia Appai entl}^ surgeons quite generally, at the 
end of the last century, appieciated the necessity of closing the abdominal wall 
and fascia, and not meiely trying off the sac Lucas-Championniere,^'^ in 
1895, aftei lealizing the frequency of lecuiiences, attempted to stiengthen 
the wound in umbilical heinioplasty by ovei lapping the linea alba and sheath 
of the lectus from side-to-side Mayo,^® in 1899, desciibed his opeiation of 
ovei lapping the fascia fiom above down This has proved one of the most 
leliable opeiations foi certain types of umbilical herniae, and, in follow-up 
studies of cases, usually proves supeiior to othei methods by showing the 
minimum number of lecuriences 

Since then, vaiious types of pi ocedui es have been desciibed, and lede- 
sciibed, foi the radical cuie of umbilical heiniae (Fig i A and B) McGlan- 
nan,^® and Stone"® have both described operations for umbilical heinia at 
meetings of this Society Othei presentations before the Southern Suigical 
Association on ventral heinia, were given by Wathen,^^ Johnson,-^ Werder,"® 
Bartlett,"'^ and McGlannan The methods of hernioplasty may be included in 
the following types 

Longitudinal appi oximation of fascia 
TransA^eise appi oximation of fascia 
Longitudinal or tiansverse ovei lapping 

Relaxing incisions, arcuate above and below 01 lateially, to peimit 
furthei mobilization of the fascia edge 
Splitting the 1 ectus sheath and exposure of the muscle 
Mobilization of each rectus muscle, usually thiough a transverse inci- 
sion in the anteiioi 1 ectus sheath, in older to permit suturing the 
muscle edges under less tension in the midline (Pfaiinenstiel,-® 
Glaser 

Fascial sutures to appioximate the edge of the fascia 
Fascial flaps, or sheets, to repair the defect 
Puise-strmg sutuie of the umbilical ring 

Next in importance to the anatomic plan of closure, is the mateiial employed 
foi closure The controvei sy now cun ent concei ning the compai ative value of 
silk and catgut probably legaids one of the most important features of the 
suigical repair of hernia Practically all studies dealing with this are favoiable 
to silk, which has a lower incidence of infection and recuiience than after the 
employment of catgut Undoubtedly, silk 111 an infected Avound may delay 
complete healing of the wound foi a longer period than if infection occurs m 
the wound sewed with catgut On the other hand, silk may offer more security 
in that fewer infections occur when it is employed, and recun ences are less 

984 



jiot as secure as llie M iyo type of closure 1 he Griser Pfaxincnstiel operation consists of mobilizing the muscles by freeing them fioni their 
sheaths and approximating them in the niidline It is an extensive piocedure ind is seldom indicated Closure, by splitting the rectus 
sheath and separate approxinntion of the posicDor and interior Ja>ers, is advintageons foi liernial openings long in the sagittal plane 
l urse string closure is cfTective for small round defects 


"V oliime 111 
^umher 6 


VENTRAL HERNIAE 



985 


5(L-m i lunar kne Closure- 



HOWARD MAHORNER AnnH, 0 fSurRer> 

June 1940 

fiequent Meleney,'® lepoiting infections occuirmg in a senes of cases op- 
ciatecl upon at the Presbytei laii Hospital, New York, found that ovei a inne- 
ycai peiiod, infections developed in 8 pei cent of the wounds sewed with 
catgut, and in 3 pci cent of wounds sewed with silk The same author le- 
poited that, in iy6 inguinal herinae sew^ed with catgut, the incidence of infec- 
tion w'as 5 I pel cent, wdnle following 303 opeiations foi inguinal henna in 
wdnch silk Avas employed, the incidence of infection was 2 3 pei cent 

In icpainng the 41 cases of pninaiy umbilical henna leported herewith, 
catgut Avas employed in 32, with five infections (15 6 i^er cent) , and silk Avas 
employed in 10 Avith one infection (10 pei cent) Sci les of cases Avith folloAv-up 
adequate to show final lesults aie feAV Many factois aie invoh^ed in lecui- 
lences, including the size ol the henna, age and Aveight of the patient, the in- 
cidence of infection, the sutuie matenal employed, and, not the least, accurate 
appioximation of good tissue Avithout undue tension at operation Some ot 
these factoi s may be faA^oi ably influenced, othei s ai e unchangeable In estimat- 
ing lesults It IS difficult to detemnne the influence of one factor alone Be- 
cause of this, it IS not easv to settle, unquestionabl} , the important question 
of the adAantages of one sutme matenal oaci anothei Simmons-® reported 
the lesults of opeiations foi umbilical henna pei formed at the Massachusetts 
Geneial Hospital Theie aacic 15 small congenital umbilical heiniae, 43 large 
umbilical heiniae, and 12 stiangulated hciniae Ot 10 folloAA'ed cases of small 
umbilical heiniae, none lecuiied Of 39 folloAAed cases m aaIiicIi large heiniae, 
01 stiangulated heiniae, had been lepaiied, the heiniae lecuiied in 10 (222 
pel cent) Wheie the IMayo opeiation had been peifoiined, the hernia re- 
clined in 10 pel cent In 14 cases, AAheie the ring AA^as closed by longitudinal 
appioximation, the late of lecuiience AA^as 428 pet cent 

Statistics Avhich bettei shoAV the influence of suture material are found 
in the study of Longacie,®® and Parsons, fiom the Piesbyteiian Hospital, 
Ncaa Yoik In 925 heinioplasties of all types, in 752 patients, Longacie found 
the incidence of AAOund infection in Avounds lepaiied Avith silk to be 2 55 per 
cent, AAdiile infection occuiied in 15 pei cent of Avounds lepaiied with catgut 
In the entile senes, silk AA’’as employed in 496 heinial repaiis and catgut in 
270 The incidence of lecuiience of the hernia AA^as as folloAAS Silk gioup, 

3 4 pel cent, catgut gioup, 12 5 pei cent 

It AAas hoped that the use of autogenous fascia as a living suture, as pio- 
posed by Gallic and LeMesmiei,®® Avould impiove the outlook for moie pei- 
manent lesults in opeiations foi hernia Fiee fascial sheets, Avith edges cut 
into many tails, and emplo3'ed as sutmes, Avere utilized Ity Gallic®'* foi repaii 
of laige defects Caieful postopeiative studies of lepairs Avith fascia aie feAv 
It IS tine that usually only the mote difficult hernia opeiations are lepaired 
with fascia Surpiismg, if discoui aging, aie the lesults leported by Bui dick, 
Gillespie and Pliggmbotham In 1,153 hernia lepaiis AVith fascia the in- 
cidence of infection foi autogenous fascia, homologous fascia and ox fascia 
Avas 79, 128 and 12 r pei cent, lespectn^ely In 975 folloived cases, of all 
types of heinia, theie were 284, or 29 i pei cent lecurrences after the use of 
fascia These authois do not regaid fascia as a method of choice for moie 
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difficult hei nia i epan s Since adopting the silk technic they employ fascia only 
111 the foim of a pedicle flap, as desenbed by \\'angenbteen,^' for laige vential 
heiniae In my expeiience, silk is tbe maleiial of choice in the lepaii of 

liei niae 

Pieopeiative piepaiation is a veij essential pail of the lieatmcnt of ceitain 
umbilical heiniae Laige heiniae, wbich have lemamed nieducible foi any 
length of time, aie said to have lost then light of domicile Theie exists an 
imfavoiable dispi opoi tion bet\\een the size of the abdominal cavity and the 
contents Especially if tbe patient is obese and the henna laige, i eduction and 
closuie nithout tension inai be vciy difficult Even aftei leplacement is ac- 
complished and closuie ol the abdomen eftected, difficult) may be encounteied 
subsequently with d)spnea and cyanosis and sensation of oppiession expeii- 
enced by the patient This phenomenon is moic pi one to occui aftei lepaii 
of upper abdominal heiniae than aftei closuie of an equally laige heinia in the 
lowei abdomen It is due not oiil) to an incieasc in intia-abdominal piessine 
and mteiference with the descent of the diaphiagm, but also in uppei abdom- 
inal heiniae, to a lestiiction in the flaie of the costal boideis, and thus a limita- 
tion of that pait of expansion affoided by the inciease m mtiathoiacic space 
Patients with laige cential heiniae should be subjected to a pieopeiative 
period of piepaiation, lasting from a few da) s to a month In this pieopeiative 
period, not only should attempts be made to impi ove the genei al condition of 
the patient, but specific attention should be diiected to impiovmg the ciiculatoiy 
s)stem and kidney function It theie is any question concerning the heait, 
special studies should be made and caidiac stimulants piesciibed At the 
same tune, eftoits to i educe the weight of the patient should be instituted 
After the henna is i educed, a bindei should be placed on the patient to 
maintain reduction at all times Elastic siippoits made of mateiial, such as 
“Lastex,” lesult m inci easing mti a-abdonnnal piessuie If the patient can- 
not stand piessuie at fiist, shoit peiiods and lelatively light piessuie should 
be used The cluiation and degiee of piessuie is giadually inci eased The 
object IS to subject the patients to inci easing abdominal piessures so that 
they may develop a tolerance to any additional piessuie wdnch may lesult 
fiom the replacement of the henna and closuie of the defect at the time of 
operation Periods of pieopeiative piepaiation should last fiom a few’’ days 
to several wrecks These essentials weie, long ago, appieciated and advocated 
by Grasei,-^ Hahn,^° McGlannaii,^^ and otheis If the henna is laige and le- 
mams ineducible, Hahn has advocated peifoimmg the opeiation m Iw'o stages 
At the first stage, the sac is dissected fiee and opened and aftei adhesions aie 
separated, reduction is accomplished If theie is difficulty making a closuie 
of the fascia at this time because of tension, only the skin is closed and at a 
subsequent date a secondary opeiation is peifoimed to obliteiate the hennal 
defect In the mteival betw’een the iwo opeiatioiis, the patient undeigoes a 

penod of preparation m wdnch inci easing extia-abdonnnal piessuie by bindeis 
IS employed 

A tw’o-stage piocedure allow^s the paitial collection of factois wdnch pie- 
veiit closuie wuthout tension In the interval betw'een opeiations, the patient 
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can be accustomed to increased intia-abdominal pressiues by binders and the 
relative disproportion between contents and abdominal cavity can be corrected 
paitially by weight i eduction The recti muscles can be accustomed to their 
normal anatomic i elation of juxtaposition by keeping the hernia i educed and 
keeping the muscles appioximated by a binder A two-stage procedure is more 
often indicated for large herniae, paiticulaily long oval heinial openings, with 
the long diameter in the vertical axis of the body Here, one would be forced 
to make some sort of closuie in the line of the long axis, that is, a type of 
longitudinal approximation in the vertical plane 

Choice of the Type of Opciatwn fo> an Umbilical oi Midhne VeiUial 
Henna — The lecti muscles ai ise from the xijjhoid and from the costal car- 


hlormaf 



Musclas 

contic^u-ous 


A 



Fig 2 — The recti muscles are separated from each other h} only a narrow linea alba (A) 
Umbilical herniae, like hernne elscuhere in the midJine, are due to defects in the linea alba The 
rectus sheaths and muscles are pushed aside enlarging hernne It is desirable to bring the muscles 
back to their normal position IIoue\er the shape of the defect, the size of the patient, and other 
considerations are important in choosing the t>pe of operation for a particular hernia In large, oval 
defects wide transverselj the Ma\o closure is most efficient (B) In defects large in the sagittal plane 
(C) the Majo operation is not applicable and splitting the rectus sheath with separate appro\imation 
of the posterior and anterior lajers offers a strong closure 


tilages of the fifth, sixth and seventh ribs, and inseit b)^ tendons into the ciest 
and the symphysis of the pubis 

Anatomically, the two lecti muscles, within then sheaths, aie close together 
with only a nariow mteivening linea alba The direct coinse of the muscles 
IS deviated by laige herniae Theie are thiee factors mitigating against the 
reapproximation of the muscles at operation One is the dispropoi tionate size 
of the abdominal contents to the abdominal cavity m fat people, even when 
the hernia is leducible, another is the lateial pull of the lateral abdominal wall 
muscles, and a third factoi is a bioadened linea alba which itself distuibs the 
relationship of the bolder of one lectus sheath to another In midline heiniae 
the intact rectus sheath and lectus muscles are pushed aside by the hernia 
The rectus sheath does not give way The two sheaths aie separated by the 
expanding hernial ring (Fig 2) These facts aie important in selecting a 
type of closure 
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Not all midline veiitial heiniae can be closed most effectively, by the same 
type of opeiation The type of opeiation most desnable is always the one 
offering the most anatomic closiiie with the least tension on the sutnie line 
Many factois aie involved including the sue (weight) of the patient, the qual- 
ity of the tissues, the location of the henna m the uppei middle oi lowei 
abdomen, and most nnpoitant of all, the shape and si/.e of the abdominal wall 
defect 

In lepaii of heiniae hetueen these muscles, the most desnable anatomic 
closuie uould he to leappioximate the sheaths of the muscles to foim a new 
hnea alba This type of closuie, ho\\e\ci, has the disadvantage of constant 
countei tension on it fiom pull of the lateial abdominal muscles The linea 
alba is a line on which the lateial abdominal muscles inseit Conti astmg 
foice IS constantly being excited at this line 

The defects of umbilical herniae aie fiequently almost lound Furthei 
sti etching of the Imea alba by obesit} and enlaigement of the henna often 
results in distoi tion of the opening into an oval \\ hen small, the defect 
can be closed b} any numbei of methods, and the lesult can be expected to 
remain permanently good If longitudinal appioximation is chosen, the edges 
of the linea alba must be caiefully fieshened by cutting away the aieolai tissue 
overl}ing the stiongei fascia and the opening must be conveited into a 
biconvex lens-shape 

Since umbilical heiniae develop by eccentiic expansion of the defect, 
Pol) a"*' advocates closuie of ceitam umbilical heinial defects by exciting 
an exact counter force To accomplish this, he puts m a puise-strmg silk 
sutuie aiound the heinia opening and dia\\ing this tight, closes the opening, 
getting equal tension fiom all sides (Fig i) I have employed this opeia- 
tion for a small umbilical hernia, and found the closuie easily accomplished 
and very effective Several reinforcing silk sutuies aie placed aftei the puise- 
sti ing IS tightened and tied 

In large, obese women, with piotubeiance of the abdomen, the lecti 
muscles are moie widely sepaiated than noimal A wide, but fairly stiong, 
linea alba effectively foims the abdominal wall above and below an umbilical 
heinial opening in such patients (Fig 2) Heie, any type of longitudinal 
approximation would lesult in consideiable encioachment on the abdominal 
space Part of the linea alba would have to be saciificed to conveit the open- 
ing into a shape which would permit even appioximation of the fascia In 
this type, a Mayo closure offeis the best piomise of lasting success Less 
tension results It is lateial tension moie than longitudinal which embaii asses 
the cardiorespiratoiy system Longitudinal tension can be lelieved by meiely 
flexing the patient, and thus shoitening the distance between the xiphoid 
and the pubic bone 

In long, oval herniae, with the long axis m the sagittal plane, transveise 
closure may be undesirable because it may be difficult or impossible to per- 
form In nine cases of midline hei niae, I have effected closure by the followmo- 
procedure In one of these patients the heinia was huge, as large as a man^s 
head, with a defect 10 cm in width and extending from the umbilicus to the 
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symphysis The technic is as follows A longitudinal incision is made ex- 
tending well above and below the henna If it is an umbilical henna, the skin 
incision cuives aiound one side of the umbilicus and comes back to the mid- 
liiie (Fig 3) The umbilicus is not lemoved, but is turned aside, attached 
to one skin flap It is sewed down to its noimal position on closing The in- 
cision extends down to the Unea alba above and below the henna, and the sac is 
caiefully dissected fiee fiom suiiounding tissues down to the aponeuiotic 
ling The subcutaneous tissue is caiefully dissected away from the linea 
alba and the anteiioi sheath of the lectus An incision is made through the 
micllme and, aftei enteiing the abdomen, the incision is extended through 
the hernial iing and sac, carefully guarding against injuiing any contents of 



Fic 3 — Tn herniopHstj for umbilical hernia it i«; rarel> nece^^sar^ to 
remo\e the umbilicus The umbilicus ma> be remo\e(l to adv intagfe m 
maissue hernne In smaller hernne it ma> be left on one skin flap and 
sutured m its normal position on closing of the \\ound 

the henna The hernial contents are lestoied to the abdomen The sac is 
removed The edges of the henna nng are cut away so as to remove any fat 
and aieolai tissue The lectus sheath is incised, in order to expose the edge 
of the muscle The sheath on each side is then cut longitudinally at the junc- 
tion with the linea alba, and the muscle is exposed for a considerable distance 
even above and below the hernial opening The posterior rectus sheath is 
then closed with mtenupted silk sutuies The edge of the muscles maj’^ then be 
approximated with a few sutuies, 01, the edge of the muscle may be caught 
111 the same sutuies which appioximate the aponeuioses Then, the anteiior 
rectus sheath is closed with mtenupted silk sutures It is impoitant to go 
well above and below the heinial opening, in older that the closure may be 
uniform and the slight necessaiy tension not irregular 

Geisuny®® desciibed a similar pioceduie m 1893 Apparently, it is uncom- 
monly employed It is anatomic and has a number of advantages In my 
expel lence with it (nine cases) it has proved of decided value in long, oval, 
midline herniae, with the long axis in the vertical plane It has these ad- 
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vantages Fust, in laige, longstanding heiniae, aftei dissecting the sac fiee 
wlien^lie rectus sheath is opened, theie is no doubt that tiue, good fascia 
IS exposed The good fascia is thus not easil} confused with a tough scar 
which might be legaided as the stiong edge of the iing if a single fascial 
la)ei IS intended Second, in closing posteiioi and anteiioi layeis of the 
muscle sepal atel3\ the tension is duided onto two lines of sutuie instead of 



Fig 4 — A \ery large midline \entr'il hernia A and B before operation, C and D, after 
operation The patient, age 47, had a cehotomj elsewhere, 18 >ears previously The hernia ap 
peared soon thereafter, and has been present since The defect between the rectus muscle was 
10 cm wide, and evtended from the umbilicus to the pubis The patient was subjected to a 
period of preoperatne preparation during which extra abdominal pressure was applied The closure 
was effected b> splitting the rectus sheath Special fascial bands were placed to anchor the linea 
semilunares together (Figs 5, 6 and 7) 

one The anteiior sutuie line is under slightly more tension than the pos- 
tenor Third, the muscles aie brought neaiei then noimal position 

In the case of a very large hernia (Fig 4), I have stiengthened this type 
of repair with additional fascial strips ti ansvei sely across the wmund attached 
wnth silk to the anteiior lectus fascia, far lateially, neai the hnea semilunaiis 
5 > 6 and 7) The puipose of these fascial bands is not only to stiengthen 
the wmund where they cioss, but, more impoitant, to relatively fix one semi- 
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VEKA A^OREU 

r.r =— This with Tisiires 6 incl 7 illustntts the tviie of liernni repnir ipplicible for the large 
/ i such as 111 r.ginc 4 After mci mg the skin the subcutaneous tissue 'vas dissected 

frorth^saranriaterallv to the rectus sheath on edher side The firm edge of the hernn' t-S " - 
Tlif* rrrtn*; slie'xtli on p'lcb side nn'is sjjUt on the mesiil border The muscle a 
nosed After ‘he hernn had heen reduced the posterior sheath of the rectus "‘‘a" 

hernial closure 



Tic 6 — See legend under Tig S 
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lunar line to the other, and keep them fiom sepaiating, thus obviating any 
tendency to inci eased tension on the sutuie line ]3y the pull of the lateial 
abdominal muscles 1 he tension, at the appioximated fascia, is leheved by 
putting some of the pull fuithei out neai the linea scmilunans These stiips 
were placed by inseiting them tiansveisely acioss the wound They went 
into the anteiioi lectus sheath and out, and in and acioss undei the appioxi- 
mated anteiioi lectus sheaths and out, and in and out The fascial strips 
weie sened to the anteiioi lectus sheath with silk at each place it went m, 
but at some distance lateial to the midhne Aftei one side was sutuied, the 





stiip was put undei slight tension, and the opposite ends weie sutuied to 
the anterioi lectus sheath Foiii stiong fascial bands weie so placed In 
this way, the fascial strips tended to hold the lineae semilunai es towai d each 
other This opeiation is not i ecommended foi lepair of heiniae with oval 
defects, wide transversely, and with a node linea alba, wdieie a type of 

closuie can be employed to beltei advantage It is best applied to defects 
longei in the long axis of the body wheie heiniation is pushing the muscles 
apart 

In order to expeiimentally test the use of fascia as desciibed, it ivas tiied 
on the dog One-half the wndth of the lectus muscle was lemoved, and the 
closure was effected by splitting the lectus sheath of the opposite side and 
appi oximating the posteiior and anteiioi sheaths sepaiately Thiee fascial 
bands \vere placed as desciibed, and anchoied with silk, neat the semilunar 
line Three weeks latei, examination showed the wound well healed The 
fascia bands ivere living and appaiently effective 

Proper postopei ative management aftei hernioplasty foi umbilical or mid- 
line ventral hernia is most impoitant The necessity of pi eventing ileus or 
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aity distention, which might inciease the tension on the sutuie tine or eni- 
baiiass lespiiation fuither by inci eased intia-abdominal pressure, is perfectly 
obvious It IS essential to lestiict intake by mouth and employ constant 
Wangensteen’s suction until any dangei of ileus is passed A bindei should 
be applied to the patient as a piotection fiom undue strain It is probably a 
good measuie to continue the use of this binder foi at least two to six months 
aftei the opeiation, depending upon the size of the heinia Obese patients 
should be cautioned that the dangei of lecuirence is inci eased by gain in 
weight They should i educe, if possible The period of rest in bed after 
a hernioplast} is variable A safe period of rest in bed is from two to three 
weeks 


SUMMARY and CONCLUSIONS 

A biief leview of the majoi advances in the suigical tieatment of herniae 
IS given Since anatomic closuie of hernial defects was described by Bassnii 
and Plalsted, it is leahzed that to cuie henna, the closure must be accom- 
plished by apinoximating fascia to fascia, with a minimum amount of tension 
Neveitheless, the incidence of recuirence remains high and hei nioplast}^ is still 
not a perfect operation 

Various technics aie desciibed foi closing the defects in umbilical and inid- 
line vential herniae For small umbilical heiniae, puise-stnng sutures or a 
nunibei of othei types of closuie ma}'^ be employed For laiger herniae, 
some type of longitudinal approximation of the edges of the lectus sheath 
01 the hnea alba is desiiable In veiy obese patients, with a widely spread 
hnea alba, the Mayo opeiation is the least extensive and most efficient pio- 
ceduie For closing hernial defects, long in the longitudinal axis of the body, 
with the henna separating the lecti sheaths, the Mayo operation is not appli- 
cable, and a classic rejiaii must be made to appioximate the abdominal vail 
in the midline Foi this closuie, the best piocedure appeals to be splitting 
the lectus sheath and sepaiate closuie of the posteiior and anteiior sheaths 
of the lecti 

A method of lelieving tension on the line of closuie of the fascia is de- 
sciibed It consists of implanting transverse strips of fascia attached at some 
distance lateral to the line of closure These prevent expansion of the relative 
distance between the hnea semilunaiis and thus tend to prevent increased 
tension on the sutuie line appioximating the rectus sheaths 

The supeiioi advantages of silk in the lepaii of hernia are emphasized 

It IS rarely necessaiy to remove the umbilicus, m umbilical hernioplasty 
The umbilicus can be saved on one edge of the skin Its replacement has the 
advantage of being moie cosmetic 

Fifty-seven cases of umbilical and midline ventral hetniae operated upon 
at the Charity Hospital, New Oilcans, were discussed Umbilical hernia was 
more prevalent in the Negro lace A high incidence of obesity is found in 
patients requiring surgery for umbilical and midline herniae Infections wei e 
more common after the use of catgut than after the use of silk The Mayo 
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opeiatioii was most commonly employed Next most fiequent type of closiiie 
was longitudinal appioximation of the fascia Seventeen of the heiniae weie 
iiieducible and ii weie stiangulated Theie weie two deaths m the entne 
gioiip and these followed opeiations upon stiangulated heiniae Effoits to 
deteimine the end-iesults veie not entiiely satisfactoiy The final lesults 
weie ascei tamed m ii cases following lepaii of an umbilical heinia The 
henna lecuiied in foui instances 
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Discussion — Dr Bradley L Colly (New Yotk, NY) While I do 
not feel competent to discuss Doctoi Guthne’s paper, I am vei}'' much in- 
terested m the subject, and wish to congiatulate him on his presentation of 
it These cases of hiatal henna are usually tieated at a geneial hospital but 
I believe if we keep a shai p lookout, we may find many moi e of them m otii 
own practice 

Doctoi Mahoinei’s papei was most inteiesting, and ably piesented We 
believe that these large ventral herniae should be given a longei period of pre- 
opeiative hospitalisation than was heietofoie deemed necessary While under- 
going a caieful pieopeiative study, a low lesidue diet should be given In 
getting the patient accustomed to the supine position, I believ'e, we have ob- 
viated some of the pieviously encoimteied pulmonai}'’ complications Then, 
we have followed the lead of Pottei, in that pitiessm has heen employed m 
these cases foi fi om 48 to 72 bom s aftei opei ation 

Relative to the sutuie mateiial Foi moie than 20 yeais we have used 
kangai 00 tendon, chromic catgut, Inung fascial sutures, and patch ti ansplants , 
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running the whole gamut of changes of technic We feel that the greatest 
sin<^le step foiwaid has been in the adoption of the silk technic The following 
lantein slide coveting the classification of i,ooo consecutive cases operated 
upon at the Hospital foi Ruptuied and Ciippled, in all of which silk w^as used, 
was then demonstiated by lantein slides and gave some conception of the 
peicentage of lecuiiences The lattci is based upon cases actually followed 
While the statistics may not seem ci edible, they are accuiate In fact, it has 
ahvays been oui policy to lean ovei backwaids m presenting our statistics so 
that theie may be no lOom for ciiticism We do not legaid a letter fiom a 
patient as satisfactoiy eMdence of his condition Each one is lecalled to the 
clinic and examined not only by the surgeon wdio perfoimed the opeiation but 
b} a gioup of the staff membeis Theiefoie, I feel that you can accept my 
statement without leseivation, that the adoption of silk has lesulted in a distinct 
improvement in oui recuiience peicentage lale We know^ that it has maik- 
edly 1 educed the incidence of jiosloperative wfound infection Also, we have 
been impressed b\ the lack of leaction of the tissues to silk as compared to 
catgut 

Dr Isidorl Cohk (New Oilcans, La ) One thing I noted m both Doc- 
tor jMahoinei s and Doctor Colc^ s statistics W'as the infiequency of epigastiic 
hermae Doctoi Mahornei leported onl} foui epigastiic herniae and Doctor 
Coley had onl} se^en I bche\c these aie a great deal moie fiequent than 
these statistics would indicate, and I think this is due definitely to the par- 
ticular thing — that we do not loutmely excimme the abdomen foi epigastric 
herniae If we would ])alpate m the midline fiom the ensiform dowm, as some 
of us do, we would find a gicat many moic 

We use practicall} that same method of opening the anterioi sheath and 
using It as a second layer, as described by Doctoi Mahoi nei We have been 
doing that foi seven or eight } eai s 

Dr Charles R Robins (Richmond, \'a ) I am much interested in the 
subject of vential hernia I will comment on only one thing, and I do this 
because I do not believe it bas been adopted ^ery generally In these elderly, 
obese women wbo have those enoimous heiniae, any technic has to be earned 
out under tension 

Some four or fi\e years ago ibeie was publisbed an aiticle on tbe treat- 
ment of these herniae by suspending the patient in a sling wdiich goes under 
the body and is attached to a line w Inch runs ovei a pulley and on wdnch hangs 
a w'eight (Dixon, A R Postoperative or Ventral Hernia — A Method for 
Relief of Tension After Repair Surg , Gynec and Obstet , 6i, 836, 1935 ) 
It usually takes about 20 jiounds to balance tbe musculai resistance The 
advantage of this is that it brings up the loins 111 this w^ay, and tends to 
bring the tissues together, so that wdien the wmund is closed, instead of having 
to close it under tension you are able often to overlap the fascia Where I 
have used it, it has w'orked 1 emarkably w^ell 

Dr How^ard Mmiorner (New'^ Oilcans, La, 111 closing) I want to 
thank the members w ho discussed my paper I am glad Doctoi Coley could 
demonstrate so much better by bis statistics my favoiable impressions con- 
wrning the use of silk It is my choice of sutuie mateiial m these cases 
o far as the type of opeiation desciibed is concerned, it, incidentally, is not 
entirely new^ Splitting the lectus fascia was fiist desciibed 111 1894 by Ger- 
tb^^’i?^ Undoubtedly it has been employed many times since Al- 

ough one may have the impression he is using something diffeient, in this 
ms ance some of the essential featui es have been described before 

997 



HEMOLYTIC JAUNDICE ' 

Addison G Brenizkr, M D 

ClIAISLOrTL, N C 

HcMOLYnc JAUNDICE IS a disease piiniaiily due to inci eased fragility of 
the erythiocytes and charactei ized by anemia, inci eased destiuction of the led 
blood cells, acboliuic icterus, splenomegaly and a pionounced inciease in the 
leticulocyte count DoaiT states positively that “tiue hemolytic icterus is 
always the manifestation of an inheiited constitutional defect, chai acterized, 
when clinically active, by i ecui i mg crises of deglobulization, anemia, increased 
eiythrocyte fi agility, and unusually high i eticulocytosis, acholuiic icteius and 
splenomegaly ” As Nesler- aptly says “Both congenital and acquired forms 
ot the disease aie lecognized The pimcipal diffeience between the two is 
the age at the tunc of onset, in geneial, the course of the acquiied form is moie 
seveie ’’ The diagnosis is made from the histoi)^ the detection of a symptom- 
less mild jaundice (moie or less seveie) and an enlaiged spleen, and fiom 
laboiatoiy examinations The mine does not show bile, but contains an ex- 
cessive amount of uiobihnogen and ui obihn, as do the feces The icterus index 
may be inci cased to lOO, the indncct van den Bergh reaction is positive, the 
diiect leaction is negative The reticulocjUe count is between 5 and 35 pei 
cent 111 most cases, but may use as high as 95 pei cent The fi agility of the 
eiythiocytes is inci eased to between 06 and 04 per cent (normal 042 to 03 
pel cent) 

The following is a citation of foui cases of the congenital (familial) type 
and two cases of the so-called acquiied tj’^pe The six cases illustiate most 
of the findings in hemolytic jaundice (icterus, anemia) 

Case I IS the brotliei , brother and uncle, respectively, of Cases 2, 3 and 4 
He (biothei, biothei and uncle) died m the hospital while being piepared foi 
a splenectomj'^ The fact that he died “while being piepaied” for a splenectomy 
might be explained 111 my Case 5 of the so-called acquiied type and the two 
cases lecently cited by Sbaipe and Davis,^ where hemolysis was increased by 
the giving of blood 

I continue to use tbe adjective “so-called” befoie the acquired type because 
I am taking Doan’s woicl for it that among the cases followed by him, ivhen 
pi operly tested, the congenital and acquii ed types seemed to be the same entity 
moie 01 less exaggeiated, diffeiing also m the time of appearance From the 
standpoint of heredity, he claims that the disease may be passed without being 
made evident in the individual, ceitainlj^ not lecognized without hematologic 
studies The two acquiied cases lecited in my gioup of six cases of hemolytic 
jaundice would seem spoiadic and individual so far as a thoiough inquiry into 
the two family histones would show, both as to ancestry and postei ity I must 

* Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga, December 5, 6, 7, 1930 
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let the leadei choose foi himself a familial hemolytic jaundice, becoming evi- 
dent soonei 01 latei . oi tw o distinct types ( i ) The congenital oi familial , and 
(2) the acqiiiied type i\r} conviction is that theic is an acquiied type much 
niorese\eie than the congenital 01 familial type It is tiue, on the othei hand, 
that the bi othei hi othei and uncle, vho died when he w^as being piepaied foi 
a splenectomy was an acquned type until jaundice and anemia pioved to the 
bi othei sistei and bi othei s daughtei that the} had the same disease Heie- 
totoie, they had all been tieated foi attacks of malaiia 

CASH REPORTS 

Case I — This patient w as a bi otlici of Case 2 and bi other and uncle, respective^ , 
of Case 3 and Case 4 He was a white man, age 38, and died at tlie Charlotte Sanatorium, 
September 29, 1920, while being piepaied to be operated upon He w'as jaundiced and 
pale, and had a large mass m his left side He had had maiiA attacks of jaundice, pallor, 
fe\er, and pain in his left side This last attack was his woist Theie w'as some con- 
fusion about whether this mass was kidnej 01 spleen While the case was still being 
considered he died 


t 

\ 



Fig I — Ca^e 2 Spleen weighing 1,240 Gm 



Fig 2 — Case 2 Sister of Cases i and 3, 
•'nd annt of Cast 4 During con\ alescence 
dt\ doped pain in abdomen and temperature 
\t second operation a widespread hmph 
node adenopath} was found Refer also to 
IngalTsi case for a similar condition after 
treatment of dementia paral>tica with malaria 


Case 2 — ^This patient was a sister of Case i, sistei of Case 3, and first cousin of 
Case 4 She w^as a white matron age 27, and stated that all the above named peisons 
were thought to have ‘‘bilious spells from malaria,” and the eight-year-old niece had 
worms in addition (In fact, she vomited a long, living round-w^orm the third post- 
operative da^^ ) Married seven ^’’cai s, and has tw o children, one five and one two years, 
both m good health 

Patient has had “bilious spells,” wdien she became yellowy temperature rose and she 
had pain across her upper abdomen She noticed a large mass in her left upper abdomen 
tw^o years ago She sa}s that she was toxic dining both pregnancies For four or five 
nionths, has felt exhausted all the tune 

Physical Examinaiwn — May 25, 1938 The patient w’as a young w'oman obviouslj' 
anemic, her skin of a lemon-yellow color, mucous membranes, palms and soles quite 
greatlj enlarged, reaching to midlme She had already received (May 23, 
^93 ) 300 cc of citrated blood and the following day 525 cc Temperature rose to 102° 
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and 103® F On June 14, 1938, a splenectomy was performed (Fig i) She was 
operated upon again 22 days later (July 6, 1938), and the surgeon wrote upon his opera- 
tive record ‘Widespread mesenteric adenitis — probably malignant Appendicectomv, 
closure On July 20, 1938, it was noted on the chart that ‘‘Following operation, the 
patient made an uneventful recover> for about ten da\s, and then began to have some 
severe abdominal pain and nausea, but obstinately constipated , had constant severe sore- 
ness and exquisite tenderness over the entire abdomen, but particularly marked in the 
lower right quadrant Wound appeared clean, pelvic examination negative These 
symptoms persisted with increasing intensity, and it was decided to operate The abdo- 
men was opened and a widespread mesenteric adenitis was found, the source being a badl> 
infected appendix, following removal of the appendix, an uneventful recovery followed, 
and she was allowed to leave (July 20, 1938), much impro\ed and w^ound entirel} 
healed” (Fig 2) 



Fig 3 —Case 3 Brother of Cases 
I ind 2 and father of Case 4 



Fig 5 — Case 3 Patient one 
jear later ^Mth oblique incision 
well healed, but still sliomngf one 
jear later fragility of the red 
blood cells 


This Widespread mesenteric adenitis is \er> interesting, showing again how, in the 
absence of the spleen removed 22 da> s before, the I3 mphatic 53 stem compensates or takes 
on some function of the spleen A general lymphadenopath3 , enlarged liver and abso- 
lute lymphoc3 tosis during the course of parox3sms of chills and fever were reported by 
Ingalls‘S in a patient without a spleen, treated for dementia paral3tica by the induction of 
malaria 

The laborator3 work on Case 2 before she had blood transfusions, !Ma3^ 21, 1938, 
showed Entirely negative urine, no bile, WBC 4,150, RBC 2,990,000, Hb 112 Gm 
per 100 cc (73 per cent) , polys 82, lymphs 17, large mononuclears and transverse i 
per cent , er3^throcytes, great variation in size, man3 large and 103113 small RBC, shape 
normal, Hb content high 

After 825 cc of blood, May 23, and 24, 1938 Urine, no bile, urobilinogen faintly 
positive Blood Reticuloc3tes 25 per cent, icterus index 14, van den Bergh direct, 
immediate negative, delayed negative, indirect positne, no malaria parasites Fragilit3 
test HemoB'^sis begins at 044 (normal 042-044), hemo^sis complete at 032 (normal 
o 32-0 36) 

Blood work, September 10, 1938 Hb 85 per cent, RBC 5600,000, WBC 11,700 
n 66, 1 26, e i, nion 7, b o, platelets 275,000 Fragilit3 test Hemohsis begins 05, 
hemol3^sis complete 038, control 042-034 

On September 10 and December 30, 1938, patient looked quite w^ell, and said she felt 
better than ever before m her life 

Case 3 — This patient w^as a brother of Case i, brother of Case 2, and the father of 
Case 4 He was age 35 (August 25, 1938) , had been mained ten ’lears, and had three 
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children One child, a bi other and a niece have the same trouble that he does Large 
mass m left side, which is painful when he has attacks (Fig 3) Three attacks a year 
Jaundice, pain in upper abdomen and kidney region, headache, nausea, vomiting and 
fever These attacks are not more frequent lately, but are more severe Had two 
ulcers of left leg that healed after splenectomy Temperature 99° F , pulse 70, respiration 

20, blood pressure 120/70, W B C 8,500 — n 84. e 2, mon 2, s 2, 

RBC 3,200,000, Hb 65 per cent, platelets 270,000 Wasser- 
niann negative, Kahn negative No parasites 111 blood and 
stools Urine negative, no bile (For some unknown reason 
fragility test not done ) Operation, September 5, 1938 Trans- 
\erse incision, splenectomy (Fig 4) 

Blood work, December 30, 1938 Hb 90, RBC 4,650,000, 

WBC 10,500 — n 74,1 14 e 4, mon 8, b o, platelets 360,000 
Fragility test Began 05, complete 04, control 042-034 Pa- 
tient phvsicallj quite well, and says he feels ^^ell (Fig 5) 

Case 4 — This child, 8 years old (August 30, 1938), was the ^’^veighu?g^^,ioo 

daughter of Case 3, niece of Case i and Case 2 She has had 

practically the same history of attacks as other members of the family, and everybody in 
the family is sure she was born with jaundice, and that her attacks are more frequent 
and very severe She passed a lot of round-worms The other two children have had no 
such attacks She is now beginning to have an attack 

Blood work, Juh 14,1938 Hb 50 per cent , R B C 3,100,000 , W B C 11,600— n 91, 
1 5, e 3, mon i, b o, platelets 240,000 Fragility test Hemolysis begins 052, complete 
0 38 , control 0 42-0 34 




Fig 6^ — Case 4 Daughter of Case 3 Fig 8 — Case 4 Showing the 

Niece of Cases i and 2 oblique incision one >ear later Still 

shows mild fragility of the red cells 


August 30, 1938 Patient jaundiced, pale, temperature ioi° F, vomiting, large pain- 
ful spleen (Fig 6) Operation, August 31, 1938 Transfusion 300 cc blood and splenec- 
tomy (Fig 7) Uneventful course (Fig 8) except a rise of temperature to 1046° F on 
the day of operation, and again to 101° F on the third day, when she vomited a long 
round-worm 

Blood work, December 30, 1938 Hb 85 per cent, RBC 4,500,000, WBC 17,000— 
n 77> 1 21, e 0, mon i, b i , platelets 300,000 Fragility test Began 05, complete 038, 
control 0 42-0 34 

The weight of the spleen in these cases varied from 1,145 to 300 Gm Mia oscoptc 
Examination (Dr L C Todd) (The descriptions of the three spleens were almost ex- 
actly the same) Engorgement of reticular meshes, venous spaces showing relatively 
little blood There is a hyperplasia of the reticulum cells seen in areas where the 
hyperemia is less intense, and there is a generalized lymphoid hyperplasia of the mal- 
pighian corpuscles Enlargement of the spleen is due to engorgement and hyperplasia 
There is increased blood destruction as evidenced by erythrophagocytosis and siderosis 
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(Fig 9) Pathologic Diagnosis These findings are those of constitutional, hemolytic 
anemia (^'familial hemolytic jaundice”) but would have to be proven by clinical and 
hematologic criteria 

Case 5 — April 28, 1924 White, unnidined fanner, age 31, with marked anemia 
Has been weak and pale for 18 years — the condition varies, has been very severe for past 
several months Dr William Allan “This man presents a striking appearance— tall, 
thin, ghastly pale with deeph bron/ed face and hands , is evidently weak, short of breath, 
with swollen ankles Temperature 100° F, 
pulse 90, blood pressure 105/50 Abdomen 
full, with thin walls The spleen extends to 
the crest of ilium, edge of liver palpable, abdo- 


Tig 9 — Cnse 4 Section tjpical of 
spleens in henioljtic jiundtce Splenic tissue 
filled with deglobulized red cells and pig 
merit, increase m reticulocytes, malpighnn 
corpuscles swollen The spleen in hemoljtic 
j lundice is remarkable for its lack of specific 
patholog\ 

“Blood work WBC 6,300 — 11 72, I 25, e i, b i, myclo i, a few normoblasts, 
RBC 1,352,000 — led cells show vei> marked variation m shape size and staining, Hb 
30 per cent , color index i i per cent Fragility test Began 0 4, complete 0 32 Blood 
serum tested for bile and found positive Urine negative for sugar, albumin, indican 
and bile Urobilinogen strongh positive 


men otherwise noimal 



Fig 7 — Case 4 Spleen weighing 
i 000 Gm 




Fig 10— Case s 15 -vears after splenectomy 
Blood picture, lu chi ding iraghity novm'il 



Fig II — Case 6 Fue years ^fter 
splenectomy Blood picture normal inclucl 
mg fragiliU The two latei cases Cases S 
and 6, show a split muscle (Bevan) incision 


“A severe hemolytic anemia, which shows a blood picture of pernicious anemia, but 
the clinical picture is that of hemob tic icterus ” 

Starting with 1,352,000 red cells and 30 per cent hemoglobin, after several massive 
blood transfusions — one given the day before and one on the day of operation the red 
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count was 1,696,000, Hb 30 per cent, whites 6,900 This phenomenon is fuither explained 
by Sharpe and DaMS '* Splenectonn was perfoimed, June 17, 1924 

Blood 14 days latei RBC 4,336,000, Hb 65 pei cent, WBC 12,200 — n 61, 1 29, 
e 3, b 7 , no nucleated 1 eds , coloi index 0 75 

January 8, 1939 RBC 5,600,000, Hb 100, WBC 7,900— n 69, 1 27, e i, in 3, 
platelets 360,000, fi agility 046-034 Patient in excellent health (Fig 10) 

In this case, appaiently, the led cells tteie destioyed as lapidly as they 
\veie tiansfused and the patient gained nothing until his spleen was removed 
The point made heie is fuither claiified hy the leceiit papei of Shaipe and 
Davis, ^ explaining seveie leactions following tiansfusion in hemolytic jaundice 

Case 6 — August 13, 1934 A white matron, age 61 Complaint Jaundice, pale- 
ness, weakness, gas pains m upper abdomen, large mass m left uppei abdomen, w'hich 
she noticed for some ^ears Has been getting paler, more jaundiced and w^eaker for the 
past few^ months She has had her gallbladder drained no stones w'ere found She 
has had five transfusions, leceiving 2,500 cc of blood, but continues to destroy her red 
blood cells Temperature 1002° F, pulse too, respiiation 20, blood pressure 120/70 
Abdomen Very large hard mass, emeiging from left costal margin and extending below 
imel, notch can be felt and seems fixed under iibs (large spleen) 

Blood w'ork, August 6, 1934 RBC 1,200,000, Hb 39 Cm pei 100 cc (28 per 

cent) Schilling hemogram 0, 0, 2, 5, 10, 45, 37, 1, leticulocytes 40 per cent, icterus 

index 32 5 

There is a marked decline in megalocytes, an occasional normoblast Reticulocytes 
40 per cent, and majonti are very joung foims With the rapid formation of the red 

cells, there must be a verj rapid hemohsis of the patient’s own cells to keep the red 

count so low' Maiked hemoljtic jaundice Fragilitj test 05-036 Wassermann, Kol- 
mer, Craig, Kline and Kahn negatue Operation, August 15, 1934- Splenectomy (Fig 
ii) Spleen Weight 1,140 Gm , 24x12x7 cm , 180 cc of blood drained when lulus 
ligation IS removed Enlargement w'lth letention of normal shape, no nodules, no tubei- 
cles Capsule thin and smooth, no peritoneal adhesions Of firmer consistence than 
normal Cut surface show's a deep-red pulp w'lth w'ldely separated and prominent fol- 
licles 

Microscopy The follicles are W'ldely separated , the pulp is crow'ded with red blood 
cells, though the sinuses are relativelj' emptj' The reticulo-endothelial cells are large 
oval and crowded with blood pigment The reticulum and trabeculae are not thickened 
November 22, 1935 RBC 4240,000, Hb ii 6 per 100 cc (84 per cent) , WBC 
7,050 — dif (Schilling hemogram) 0, 0, 0, 5, 2, 43-49, i 

Excerpt from patient’s letter, January 4, 1939 “I have completely recovered (Fig 
ii), and am getting along well ” 

Discussion — Case 2 (It will be noted that tins case was opeiated upon by 
another surgeon ) Shoitly aftei bei splenectomy, hei temperature lose, hei 
abdomen became tendei and under the diagnosis of appendicitis, anothei 
celiotomy w'as pel f 01 med , the surgeon vaguely desci ibed an involved appendix 
and mesenteiic nodes due to it Looking fuithei, he found many mesenteiic 
nodes which he desci ibed as cancel Ingalls’'^ case of induced malarial infec- 
tion in the tieatment of dementia paialytica, ivheie the spleen had previously 
been 1 emoved, not only recovered and was benefited, showing the plausibility 
of tbe ti eatment, but gave evidence of a general lymph node enlai gement, more 
so on account of the absence of the spleen — the burnt of lesistance to the m- 

1003 



ADDISON G BRENIZER Annals or surgery 

June 1040 

fection being taken by the reticulo-endothehal system The eight-year-old 
child, Case 4, and niece of the patient, Case 2, who was operated upon at the 
beginning of a hemolytic ciisis, likewise exhibited a use 111 temperature and 
abdominal tendeiness, i\hich subsided during the couise of hei recoveiy 
Several authors, including myself, aie awaie that the lestoration of erythro- 
cytes is, in these cases of hemolytic jaundice, not a gradual process, hut, on the 
othei hand, very rapid, a million or more cells gamed to the blood stream 
while the patient is on the table during the course of the splenectomy It 
would he interesting to he able to follow the changes, particularly in the bone 
marrow, lymph nodes and livei, undei this sudden 1 evolution hi ought about 
by the splenectomy This autotransfusion and deluge of red cells into the 
blood sti earn is life-saving, as m Case 5 of this series, where the man was not 
only not benefited by tiansfusions, but, as was remarked at the time “He not 
only hemolysed his own red cells but those fiom other donois ” 

I feel sui e that further study of the entire reticulo-endothehal system, bone 
mairow and liver might aid us in establishing a more definite pathologic 
groundwork for hemolytic jaundice, especially since the organ lemoved, while 
bulky enough — plenty of meat, in other words — shows so little in its histo- 
pathology The fact that it shows so little beyond the engoigement with 
remnants of eiythrocytes and then pigment is one of the most chai actei istic 
points in the pathology of the spleen m hemolytic jaundice The liver and 
kidney are often as much pigmented , and the hvei , as indicated in the photo- 
graphs of Cases 3 and 4, fathei and child, is consideiably enlaiged before 
splenectomy, and of normal size foui months aftei operation It is likewise 
known that gallstones and evidence of cholecystitis figure high in cases of 
hemolytic jaundice 

Since the removed oigan, the spleen, has so little to show foi itself patho- 
logically, but since its removal usually bungs about a cure of the case of the 
former syndiome suffered from, what, then, has stopped the destruction of 
red blood cells ^ Does their destruction, then deglobulization, depend upon 
their inherited or acquiied quality of being moie fi agile ^ If tbeir destructi- 
bihty IS dependent upon the erythiocytes’ fi agility, what is lemoved with the 
spleen to do away with the syndiome of symptoms foimeily suffered by the 
patient, while the erythiocytes may still show consideiable fragility and may 
hemolize in hypotonic salt about as ibey did before opeiation^ And finally, 
while congenital and acquired hemolytic jaundice aie chronic and a certain 
amount of deglobulization is going on all the time, one of the characteristics of 
the disease is the attacks or crises of eij^thiocyte destiuction, when the jaundice 
and anemia are more intense, when the livei and spleen are much laiger, in 
fact, when the spleen is quite large, painful and sensitive, when the tempera- 
ture rises several degrees These crises subside and those who have acquired 
the disease early, as in Cases 2, 3 and 4, who have had it as far back as they 
can remember, and the fathei and aunt claim the child was boin jaundiced, 
get along fairly comfortably and live well into matui ity What, then, deter- 
mines the crises in these cases ^ Let it not be supposed that these ciises are 
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without dangei The leadei will recall that Case i — the hi other, brothei and 
uncle of Cases 2, 3 and 4 — died uhile being prepared foi splenectomy, that 
111 Case 5 the patient’s life was baiely saved by splenectomy, and that he and 
Case 6 have lived 1 5 and 5 } eai s, 1 espectively , m excellent health 

The spheiocyte uas fiist de&ciibed by Naegeli, and he suggested that it was 
pathognomonic of hemolytic jaundice Ganssleii^ made much the same ob- 
sei vations 

Conclusions of Castle*’ “The following lesults suggest that diffeiences in 
the susceptibility of vaiious types of eiythiocytes to hemolysis by hypotonic 
salt solution aie due laigely to diflfeiences m foim, and not to diffeiences in 
osmotic behavioi 

(1) “The peicentage inci eases m equilibiium volumes in hypotonic plasma 
of eiythiocytes of widel) difteient susceptibilities to hemolysis do not show 
significant diffeiences 

(2) ‘‘Diiect micioscopic obsei vations indicate that (a) Hemolysis of a 
given type of eijthiocjte is associated with the assumption of a spheiical foim 
in hypotonic plasma (b) The moie susceptible the erythrocyte to hypotonic 
hemolysis, the less hypotonic is the plasma necessaiy to cause the assumption 
of a sphei ical toi m 

(3) “An approximation to the peicentage mciease m volume necessaiy to 
cause hemolysis can be made by calculation of the peicentage diffeience be- 
tween the \olume of the eiythiocyte in isotonic plasma, Vo, and that of a 
sphei e of equal suiface, W 

(4) ‘ In coiielations of the lelative degiee of susceptibility to hypotonic 
hemolysis of a series of types of eiythiocytes with their lespective volume, 
diametei 01 suiface in isotonic plasma, the eiythiocytes of hypochromic anemia 
and of chionic hemolytic jaundice piesent exceptions 

(5) “When such conelations are made on the basis of the diametei, thick- 
ness latio, or when absolute values aie calculated accoidmg to the foimula, 
Vs — Vo, 

— rj: the eiythiocytes of hypochiomic anemia and of chionic hemolytic 

jaundice do not present such exceptions 

(6) “Diffeiences in the time necessaiy to cause hypotonic hemolysis of dif- 
feient types of erythiocytes may possibly be explained by diffeiences m the 
peicentage increase m volume of the discoidal foim necessaiy to pioduce the 
spheiical foim m hypotonic solution ’’ 

Conclusions of Damshek, Schwaitz and Gioss" (i) “Isohemolysms of 
the immune-body type weie discoveied m the seium of three cases of acute 
hemolytic anemia 

(2) “Antigumea-pig hemolytic seium was prepared by the injection of 
gumea-pig led cells into labbits This seium possessed all the immunologic 
piopeities of the seium found 111 the clinical cases 

(3) Hemolysis of the red cells of the guinea-pig lu vivo followed the iniec- 

tion of this sei um ^ 
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(4) "By varying the dosage of the aiitiguinea-pig hemolytic serum, vari- 
ous types of hemolytic syndiomes were produced Fulminating hemolytic 
anemia with hemoglobmuiia, acute hemolytic anemia, and subacute hemolytic 
anemia 

(5) “Various types of blood pictuies could be reproduced at will Micro- 
spheiocytosis, inci eased eiythrocyte fi agility, reticulocytosis , ‘pseudomacro- 
cytic’ blood pictuie, etc 

(6) “The spherocyte is a small, thick, red blood cell, unaltered 111 volume 
though small in diametei, and unusually fragile to hypotonic salt solution 
Oui obseivations point to the conclusion that spherocytosis is due to the 
activity of hemolysin and not to an abnoimal anatomic peculiarity or to a dis- 
tuibed foimation of cells m the bone inaiiow Since inci eased fragility is a 
function of the inci eased thickness of the led cell, it is dependent upon the 
same cause 

(7) “We believe that hemolytic syndromes are due to hemolysins, possibly 
of difTeient types and present m difYerent amounts, functioning slowly in some 
cases and violentl}' m otheis The vaiious blood pictuies of the hemolytic 
anemias, namely, anemia, sphei oc3nosis, inci eased fi agility and reticulocy- 
tosis, aie, m all piobabihty, due to the effects of the vai}mg activity of hemo- 
lysins, and modified by the individuars powei to react 

(8) “Since the experimentally pioduced hemolytic syndromes and the 
numerous clinical types aie closely compaiable, the chief difteience 111 the 
clinical syndiomes may be a matter of the amount of functioning hemolysin 
piescnt ’’ 

Suigeiy of the spleen has had its trials, as seen by the tables fiom the 
Maj'o Clinic Suiger}^ now would be offered, m caii3nng out its greatest tii- 
umph, m the following conditions Ruptui ed spleen , hemolytic jaundice, 
splenic anemia and hemoirhagic piupuia 

The liteiatuie has again become replete with transverse incisions, instead 
of pel pendicular ones, just as happened during the nai peiiod The truth 
of the stoij'^ IS that we all have had an incision “bust wide open in our faces” 
occasionally, and then go about, as soit of an excuse, to show what ne know 
about the abdominal wall I am now anxious to show 3'ou some of 1113'^ trans- 
verse incisions Some of the spleens aie so large that two tiansverse incisions 
run together b3'’ a connecting bar might be necessary to delivei it and lestoie 
the abdominal wall without a hernia The repioach of a henna is felt keenl3^ 
b3'^ all surgeons, especialty when secondaiily repaired b3^ anothei surgeon 

The tuck of ligating the splenic aitety’’, quite a large vessel, m gioss splenic 
enlargements saves one the embaiiassment of hemoiihage, if not jeopard3'^ to 
the patient 

On account of severe hemorihages fiom the loner esophagus m splenic 
anemia (Banti’s disease m the late stages) before and aftei a splendid result 
from splenectomy, it has been suggested that the coionary vein be ligated, in 
Older to lessen the venous tuigescence b3' breaking the communication mth 
the portal circulation 
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To piomote additional collateial cii dilation, which, in fact, is Natuie’s 
means of leheving poital obsti uction, some foim of omentopexy might be 
peifoimed, such as that of the Thalma-Naiath oi the modification recom- 
mended by Pemberton 


CONCLUSIONS 

(1) Hemol)tic jaundice is an entity and should be easily lecognized by 
appreciating the following syndiome Acholuiic jaundice, enlaiged spleen, 
anemia, ciises nith pain and fevei , inci eased fi agility of the red cells, in- 
ciease of leticulai cells, uiobilm but no biliiubin in the mine, noimal coloied 
stools, increased icterus index, negative diiect van den Beigh with positive 
mdiiect van den Beigh leaction, and absence of itching The congenital oi 
familial type may embiace all cases 

(2) The blood pictuie “We behe\e that hemolytic syndiomes aie due to 
hemolysins, possibh of difteient types and present m diffeient amounts, func- 
tioning slowly in some cases and violently in otheis The various blood pic- 
tuies of the hemolytic anemias, namely, anemia, spheiocytosis, increased 
fragility, leticulocytosis, aie in all probability due to the effects of the varying 
activity of hemolysis, and modified by the individuars power to leact ” 

(3) Splenectom} ofteis its gieatest tiiuinph in the treatment of (i) lup- 
tured spleen, (2) splenic anemia (late stage Banti’s disease) , (3) liemobTic 
jaundice, and (4) purpuia hemoiihagica Theie aie few opeiations as dia- 
matic as splenectomy foi hemoljtic jaundice and foi puipuia heinoi rhagica — 
where m the one instance theie may be a gam of a million led cells, and in 
the othei a stopping of bleeding w'hile the patients aie still on the opeiating 
table 
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Discussion — Dr J D Rives (KW Orleans, La ) I can make no con- 
tiibiition to Doctor Bremzer’s discussion of hemolytic jaundice, but I would 
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like to ask him a question which I have found unansweiable It seems reason- 
able to believe, m view of the woik of Naegeh, Haden and otheis, that the 
tendenc} to hemolysis m hemolytic jaundice is due to the spherocytosis It 
would seem that Haden has pioved that the inci eased fragility of the led 
cells IS due to their spherical shape, and that only these cells aie hemoljved 
It also seems well established that the spheiocytosis and the accompanying 
increased fi agility of the led blood cells peisist mdefimtely aftei splenectomy 
Doctor Bremzei lepoits that aftei tiansfusion, hemolysis was inci eased and 
that, as a lesult, the livci became much increased in si/e This observation 
has been made by numeious othei observeis, and we have been named 
against the dangei of anuiia lesultmg fiom this excessive hemolysis If the 
spleen is innocent and hemoly/es only the spheroidal cells, why does exces- 
sive hemolysis occui following a tiansfusion of blood m which theie aie no 
spheioidal cells ^ I have been unable to find an answei to this question and 
hope that Doctoi Bi eni/ei has been able to do so 

Du Fkank H Laiily (Boston, Mass ) I would like to take this oppoi- 
tunity to mention something not paiticulaily i elated to the subject, but because 
the cpiestion of splenectomy comes up in Banti's disease I want to remind 
you of the value of heparin While splenectomjf is now pcifoimed in fewer 
cases of Banti’s disease, hepaim has been of gieat value to us m those cases 
m which the opeiation is indicated Certainly, some of oui tioubles following 
splenectomy m Banti’s disease have been due to thiombosis Hepaiin is ot 
value not only m cases m wdiich the number of platelets increases fioin 35,000 
to 500,000 in a few' houis, but paiticulaily m those m which pjdephlebitis oc- 
curs during rccoveiy Nothing can be done for that, but heie is something 
that offeis hope Hcpaiin inhibits the foimation of a clot, and is of definite 
aid, paiticulaily in those cases in which the splenic vein is aheady thrombosed 
and furthei extension of the thiombosis is taking place 

Du Walthr D Wisl (Baltimore, Md ) Seveial jeais ago I lepoited, 
bcfoic this Association, six cases of hemolytic jaundice m the same family, 
with splenectomy in each instance, and I simply w'ant to bring the lecoid 
up to date foi the tiansactions of this oiganization I have now' pei formed 
seven splenectomies in this family and thiee m anothei, w'lth tw'o othei cases 
of hemolytic jaundice in the second family that have not yet been opeialed 
upon 

Dr Foy Roberson (Durham, N C ) I am veiy glad to heai this papei^ 
To-moiiow' moining I have a little jiajDei on “Solitaiy Cyst of the Spleen 
and I am soiiy they do not come togcthei I do not w'ant to give the im- 
pression that I know' anything about the spleen How'evei, I believe this papei 
should stimulate some inteiest in that subject I think piobably the w'holt 
question of suigeiy of the spleen w'lll have to be lew'ritten From 193 ^ 
1934, at the Mayo Clinic theie w'eie some 650 splenectomies, the niajoiity 
foi hemolj'tic jaundice, pernicious anemia and thiombopema puipuia heinoi- 
ihagica As Doctoi Bieniaei has bi ought out hemolytic jaundice is the one 
condition where splenectomy does most good In othei conditions such as in 
purpura hemoiihagica, wheie theie is a tendency to i emissions, splenectomy 
is not always indicated I think theie is another leason foi lenewed inteiest 
m the study of splenic surgery, namely, the effect splenectomy has on the 
organism as a whole That question has especially inteiested me paiticulailj 
in solitary cysts, wheic the whole spleen has been dcstioyed In solitaiy evst 
of the spleen the wdiole thing is destioyed and the cysts giaduallj' become 
largei and laiger ^Vhat happens to that individual after splenectomy’ I have 
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had only two cases One was a giil, age 20, in good health oidiiiarily, rather 
lobust She began to lose weight and develop acne ovei the face, and the 
mucous meinbianes became pale, evidently a lack of vitamin A After the 
spleen was lemoved the acne cleaied up and she had no 11101 e digestive dis- 
tui bailees, yet she looked oldei . and the mucous iiiembi anes 1 eniained pale 
\V hat has the loss of the spleen done to this patient ^ 

Dr F B Lu^D (Boston, Mass ) I knoM nothing about the spleen, but 
theie uas a tiadition 111 ancient times that the spleen was lemoved fioiii men 
who weie going into tiaming foi foot laces and was lemoved on account of its 
weight 1 do not believe that was done and can find nothing about it 111 
ancient hteiatuie 1 beheie that if the ancients did leniove the spleen then 
patients nevei lan again How^evei, they did know^ about the relation of 
the spleen to the hvei They constantly felt the enlaiged spleen One finding 
was desciilied by Hippociates Plato, wdio w^as not a doctor but a man with 
a tieinendously active mind, speculated about the function of the spleen, and 
he decided that wdien the hvei w'as diseased the spleen absoibed the poisons 
taken fiom the hvei and sw^elled, and when the hvei got better the swelling in 
the spleen w^ent dowm It is a cm ions thing that although Plato probably did 
inoie to letaid medicine than anyone else, m this he set foith a pimciple that 
w'e aie still ti}mg to explain 2,000 yeais later Malaiia is veiy pievalent in 
Gieece now and I want to call youi attention to wdiat an American philan- 
thiopist has done foi Gieece It you go to Maiathon (wdieie the fight w'-as) 
toil will find a small tablet in honoi of the gieat philanthropist “Rocfelai” 
(John D Rocketellei ) , wJio diained the maishes at Maiathon and thus kept 
down malaiia Theie is a clinic theie conducted by the Red Cross I was 
there fi\e yeais ago, I nevei saw^ so man} spleens m my life Thiee yeais 
latei , I visited it again and saw haidly a spleen Theie is haidly any malaria 
because of education and teaching the natives to fight mosquitoes and use 
scieens So that is what one American has done to eliminate malaiia and 
enlaiged spleens m Greece The spleen was thought to be the oigan that 
eliminated the black bile fiom the system, and the wmid melancholia oiigmates 
fiom that belief Foi that leason disagieeable and iiiitable people aie said 
to be ‘spleeny ” 

Dr Lucius E Blrcii (Naslnille, Tenn ) I meiely want to call the 
attention of the Association to an incision bi ought out by oui piesident, 
Doctoi Singleton, m an oiigmal aiticle, and also m an editoiial 111 Surgeiy, 
Gynecology and Obstetiics This incision offeis an easy access to the upper 
alidomen It is planned along anatomic lines, and does not mteifere wnth 
important nerve supply to the pai t , it also has the gi eat advantage that it is 
easy to close 


Dr Addison G Brenizcr (Chailotte, N C , 111 closing) Any papei I 
have evei piesented befoie this Association I have piesented with the idea 
that I would learn something fiom the discussion it might arouse Of course 
I have not the slightest idea about wdiy the usual elliptic led cells should be- 
come spherical before they become deglobulized I do know merely that the led 
blood cells of the patient become spheiical and believe that the cells from a 
donoi also become spheiical I cannot answei that positively I hope I can 
find out I think it is likely that I shall nevei peiform anothei opeiation, but 
I shall ahvays come back heie to get mfoimation and some ideas exchanged 
I nevei give any instiuction because I have little to give, but I obtain an 
enoimous amount of knowdedge fiom you all Like looking at the moun- 
tains in North Caiolma, if I thought it w^ere to be my last look at them or you, 
I should, indeed, be ovenvhelmmgly saddened at the thought 
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FIIOM Tlir nrP\nTMF\T OF G'lNFCOrOG\ ot Till JOHNS HOIKIN'^ MIDIC\L SCHOOL WDIIOSHT^I n\rTIMOKL MD 

Two YEARS ago, befoie tins society, P desciibed a new and simple method 
of constiiictmg the vagina Tlie piesent communication is meiely a summary 
of the expel lence of those wlio have employed this opeiation 

In all, six suigeons have communicated with the author and have per- 
formed the opeiation, more or less accoidmg to the suggested technic In- 
cluding thiee cases opeiated upon peisonally, a total of 12 vaginal constructions 
have been peifoimed by se\en diffeient suigeons Follow-up examinations 
have been obtained in ii of these 12 cases 

It might he veil to lecapitulate the technic of the opeiation The prin- 
ciple of this operation was 
new , as it depended upon the 
proliferative capacity of the 
squamous epithelium of the 
vaginal introitus to spread 
and cover the w^alls of the 
^l8Hf new ly created vaginal space 

jsEfoB operation attempts to 

Fjg I- — Hie \igmil mold This mcisiires 10x4 cm Tiid 1 epi oduCC the Situation 
t<^ nnde of hilsi uood It is mcII to ln\t molds of \Trious - - ii r j 

Sizes to fit the dissected spncc I he mold CTn be made of 'in\ ^YhlC^ CXlStS 111 the tetUS, IH 
rigid light materiTl To nnhe it nonahsorhcnt stenlizahlc nnd i i .1 -1 

I)re\ent it from sticking to the nw sttrfnces it should be wlllCh the SCJUSllIOUS epitilC- 
coxered with rubber (a condom will serxc) ElectropHting with - - . - ^ 

siUer makes an evcellent mold (Annvls of Surger\ 107 JlUlll Ot tuC external g’dlltal 

No s,P 844 r.g I, 1938) urogenital 

sinus) glo^^s up towaid the mulleiian ducts and, with the mulleiidii ducts, 
thus fonns the vagina I had peifoimed this operation fiist in 1928 

The technic of the opeiation is quite simple The vaginal space is dis- 
sected, as usual, between tlie lectum and bladdei That concludes the opeia- 
tive proceduie No foieign tissue is intioduced Pinch-giafts of labial 
epithelium may be used but aie not necessaiy Into this space is fitted a smooth 
vaginal foiin made of some light, faiily iigid mateiaal, which will not adheie 
to the law vaginal walls The authoi has used a numbei of substances, but, re- 
cently, has favoied a mold of appiopiiate size made of balsa wood and coveied 
by a lubbei condom Sucli a foim can be made anywheie and can be given 

* Presented before the Fifty-second Annual Meeting of the Southern Surgical Asso- 
ciation, Augusta, Ga , December 5, 6, 7, 1939 
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to the patient to use when she goes home (Fig i) This foim is placed in 
the vaginal space at opeiation and left und.istuibed for thiee weeks, aftei 
which it IS lemoved, cleaned and leplaced After this, the patient makes occa- 
sional visits to the doctoi ’s office, wdiei e he can i emove the foi m, observe the 
piogiess of epithehzation and keep the wmund clean No antiseptics aie ap- 
plied wdiich can injuie young epithelium The form is then wmin most of the 
time foi the next month, and aftei that at night foi anothei period of thiee 
weeks, oi until the vagina is completely coveied by epithelium Intel com se 


* • 



Fig 2 — Case i Dr John Burch, NtsIiviIIc, 

Tenn A photograph shou ing the result, nine 
months after operation (Annals of Surgery, 

107 No s, 852, Fig 5 » 1938) 

IS foi bidden until the space is well epithelized, which may take two to foiii 
months, at least until the mucous membiane is thick and stiong 

Employing this technic, one meiely dissects out the lequiied space for 
the vagina, keeps it open and allows the squamous epithelium fiom the vaginal 
mtioitus to glow up and covei the walls of this space 

ABBREVIATED CASE REPORTS 

Cases I and 2 — Dr John Burch, Nashville, Tenn The first case was a white girl, 
18, who had cramps in the lower abdomen every month, but had never menstruated 
The vagina was absent In September, 1936, a vaginal canal was dissected and packed 
with loose gauze An infection developed on the fifth day , the gauze packs were 
removed, and a vaginal mold covered by a lubber condom was placed Two da3’'s later 
this was expelled, the space was irrigated and the mold replaced This was then 

kept in place till the twenty-second day The patient was discharged on the thirtj''- 
second day 

Follozv-Up — Nine months later Examination showed the vagina to be large, and 
admitted a full size vaginal speculum , it was S to 10 cm deep The end-result is shown 
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in Figures 2 and 3 Figure 2 is a photograph of the vaginal orifice, nine months after 
the operation Figure 3 shows the size of the vagina, as it admits a full size vaginal 
speculum The result in this case was excellent The author’s technic was not followed 
in the beginning, as the vagina was packed with gauze instead of being kept open with 
a smooth vaginal form Aftei the gauze was lemoved and a suitable form used, the 
conv'alescence was normal 

Case 2 — Dr John Burch, Nashville, Tenn A wdiitc girl, age 17, recentlj married, 
with absence of vagina In July, 1939, a vagina was constructed, using author’s technic 
The convalescence was normal till after removal of vaginal form on the fourteenth dav, 
when there was some bleeding On the twenty-fifth postopeiative dav, there 'vas an 



Fic 3 — Case i Dr John Burch Nisluille, 

Tenn Ihc depth of the nine months Tfter 

operation A full sire speculum is easilj intro 
duced The aaRim is 9 cm deep (A\n\ls of 
SuRCFR\ 107, Ao 3 8^2, Fij, 6 Mnj 1938 ) 

alarming hemorrhage, about 500 cc , from an arter\ in the right \aginal wall Ihis w^as 
ligated Transfusions w^erc given The later coinalesccnce w^as unc\entful 

FoUozv-Up — Three months later, October, 1939 The vagina Ind healed except 
for some granulation tissue in the vault of the newdy formed vagina No discharge The 
vagina js 12 cm deep, and easil} admits tw^o fingers Figure 4 is a Aaginogram, three 
months after operation, showing the vagina distended by a condom full of barium The 
constriction ring in the condom is not evident on inspecting the \agma It probably is 
due to incomplete filling of the condom Biopsy show^’ed squamous epithelium 

Case 3 — Dr Nathan P Sears, Syracuse, NY A girl, age 22, engaged to be 
married Diagnosis Absence of vagina Seven months previoush, an effort had been 
made to construct a vagina, employing Thiersch grafts The result was a failure There 
was only a narrow’^ tortuous sinus, 3 or 4 Mm in diameter, wdiere the vagina should be 

Seven months after this operation, the patient consulted Doctor Sears, who performed 
the first stages of a Frank-Geist operation He made the usual ^^satchel-handle flaps 
of skin from the thigh 

About three weeks later, the vaginal space was dissected Because of dense adhesions 
and the scar caused by the first attempt to make the vagina, this dissection took two 
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hours and 40 minutes One week later, the tubular graft was inserted into this space, 
around a vaginal mold Two weeks later, when the vaginal mold was removed, most 
of the graft came with it One week after this, the vagina was inspected, and epithelium 
was observed gi owing at the outer end A glass form was fitted, which the patient 
wore continiiousl}' fm seveial months, aftei which it was inserted for only an hour or 
so daih'' 

FoUozv-Up — Three years latei The vagina was perfectly formed, 10 cm deep, 
lined with soft, epithehal-like covering The patient had been married one year, and 
enjoyed perfectly satisfactoiy sex relations Biopsy and vaginogram not taken 

Fwal Result — Excellent In this case, as Doctor Seats says, although he employed 
mv technic “moie or less b} accident, the lesult was perfect” This case brings out, m 
a very sti iking manner, the complicated steps m the other methods of making a vagina, 



Fig 4 — Cnse 2 Dr John Burch, Nashville Tenn Vagino 
gram, taken b> distending the \agina with a condom containing 
barium The vagina is 12 cm deep, easilj admits two fingers 
It IS lined b3 squamous epithelium (biops\ ) The hour glass 
appearance is due to incomplete filling of the condom and is not 
appreciable on \aginal examination 

as contrasted with the smiplicit}'’ of the author’s technic The time element is also 
clearly contrasted, for this } oung woman spent 48 days in the hospital, during which time 
she had three rather long and complicated operative procedures, in performing the first 
steps of the ^^satchel-handle” tubular flap operation After she was fitted with the vaginal 
form, she went home in one week 

Cases 4, 5 and 6 — Dr Buford Word, Birmingham, Ala 

Case 4 — The unusual feature in this case was the association of a horseshoe 
kidney Vaginal construction December 9, 1937 Married February 26, 1938 Last 
report October, 1939, saying that patient is happily married and that her sexual life 
IS pleasant and satisfactory ” 

Case 5 — Colored, age 20, married Normal female, except for absence of vagina 
and uteius Vaginal construction November 25, 1938 Discharged from hospital on 
fth day Convalescence normal Result, excellent Coitus normal, with orgasm 
lopsy, ten months after operation, shows vagina lined by squamous epithelium 
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Case 6— White, age 20 Complaint, amenorrhea The patient had been receiving 
endocrine theiapy hjpodeiinically to make her menstruate, gynecologic examination made 
after a year or more of this therapy showed complete absence of vagina and uterus 
Vagina constructed, May, 1939 Result, excellent Biopsy, September, 1939, showed 
squamous epithelium The vagina is well formed and commodious As this joung 
woman expects to be married in December, 1939, the final reports are not yet available 
Case 7 -A A Skemp, La Crosse, \Vis Date of operation, August, 1938 

Doctor Skemp had made two former efforts to construct a vagina in this case, but both 
efforts had failed At the first operation, he had packed the vaginal space with gauze, 
this was followed by a small fistula which communicated with the rectum 

This patient complained not onlj of the gj necologic defect but also of bladder symp- 
toms— chiefii blood in the urine Apparenth, the iiicthta had been tremendousl> dilated 



Fig s — C ise 9 Dr I R Wlnrton A \aginogrTm taken 
I >eTr 'ifter construction of vTgina The ^aglnT is large and 
measures 9 cm deep Sexual intercourse normal, orgasm 

(Annals or SuRGEin, 107, No 5, 850 Tig 3, Ma> 193S) 

by coitus and it admitted two fingers This proved to be advantageous to the surgeon, 
for he could orient himself during the vaginal dissection bj keeping one finger in the 
urethra 

The last operation, performed in August, 1938? employing the author’s technic, ga\e 
an excellent result 

Follozv-Up — October, 1939, 14 months postoperative^ The vagina was ii cm deep, 
distensible and painless The patient w^as ''completely satisfied with the results 

Cases 8, 9 and 10 — Dr L R Wharton 

Case 8 — A pseudohermaphrodite, wdiite, age 26, who ^vanted to be married Opera- 
tion 1928 This case w^as reported m detail in the Axnals of Surger\, 107, No 5 i 
842-854, Ma), 1938 The immediate result w^as perfect The ultimate result is tincer 
tain In reply to our letteis, the patient expresses liersclf as w^ell satisfied, nine years 
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later She fails to describe the situation in detail, and, since she lives 600 miles from 
Baltimore, a follow-up examination has not been made Result Unknown This was 
the first patient to be operated upon, utilizing the new technic I did not report this case 
earlier because I did not know the end-result 

Case 9 — ^A married woman, age 30 This case was reported m Annals of Surgery, 
107, No 5 , 842-854, May, 1938 The final result Avas excellent, except that the patient 
had a tiny vesicovaginal fistula, which was haidlj visible and leaked only a few drops 
occasionally The vagina, two yeais after operation, was 9 cm deep, and was commodious 
(Fig 5) The figuie is a vaginogram, the constiucted vagina being filled with a condom 
containing barium The charactei of tissue lining this vagina is shown in Figure 6, this 
biopsy having been taken from the apex of the con- 
structed vagina, one 3"ear after the last operation 
This case was complicated bv the lack of co- 
operation of the patient After the fiist operation, 
she demanded that the A^agmal form be remoA^ed 
because she feared it \\wild injure the lectum, this 
nullified, to an extent, the first opeiation One 
A ear later, the second operation was performed In 
spite of our Avarnings, she promptly had sexual 
intercourse immediatelv after leaving the hospital, 
three Aveeks after the operation This stripped off 
some of the young epithelium and left her with a 
vagina about 7 cm deep One vear later, the final 
operation AA^as performed, securing a A^agina aaIiicIi 
was 9 cm deep (Fig 5) At this last operation, 
hoAveA^er, the dense scar tissue made the dissec- 
tion \er} difficult, and a small hole Avas made in 
the bladder This Avas closed, a letention catheter 
placed and the convalescence Avas normal There 
IS still a tiny vesico-A’^aginal fistula, Avhich is so 
small that it does not drain enough to make the 
patient Avish to have it closed Result of vaginal 
construction Good 

Case 10 — A ^’-oung AA^oman, age 21, aaIio de- 
sired to be married The only abnormality Avas 

the absence of the A^agina and uterus This young Avoman had had tAVO foimer operative 
attempts to form a A^agina, each time the A-^agina being packed Avith gauze As soon as 
the gauze AA^as removed, the cavity collapsed 

Examination shoAved a shalloAv vagina about 3 cm deep Operation May, 1939 
The patient Avas kept m the hospital three Aveeks, and then alloAved to go to her home 
in Alabama, to have the necessar}" postoperative care under the supervision of her familv 
physician She apparentl}’’ developed an irritation of the A^aginal orifice, and the insertion 
of the form became very painful She consequently neglected to wear the form, and 
the cavity collapsed, adhered, and finall}’’ became only 5 cm deep When she left the 
hospital, It Avas 13 cm deep, and unusually commodious Her physician had advised her 
to return to Baltimore as soon as she found it difficult to insert the form She refused 
to do this, hoAA^ever, and graduall}’’ lost the benefit of the operation 

In October, 1939, she returned, requesting that the vaginal operation be repeated 
The difficulty and risk of the operation was explained, as this would be the fourth dis- 
section of the rectovesical septum Nevertheless, she demanded that the effoit be made 
At operation, hoAvever, there Avas no plane of cleavage, dense scar tissue bound the 
mucous membrane of the bladder to the rectal Avail After the space had been dissected 
to a depth of 7 cm , a hole Avas accidentally made in the bladder This Avas immediately 
closed and the bladder drained by a urethral retention cathetei Further attempt to 
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enlarge the vagina was abandoned The final result was that this girl now has a 
vagina about 5 or 6 cm deep, about half as deep as it was after the author’s first opera- 
tion In this case, the benefit of the operation had been largely lost by the failure of 
the patient in neglecting the proper postoperative care Also, this case again emphasized 
the extreme difficulty that attends third or fourth attempts to dissect out the space for 
the \agina 

Case II— Dr J Mason Hundley, Jr, Baltimore, Md This case was published in 
the AN^ALs Of SuRcrRv, 107, 842-854, May, 1938 

The patient was a pseudohermaphrodite, white, age 26 Testes weie the onlj gonads, 
the external genitalia were of the female tjpe, the testes were in the groins There i\as 
no vagina Since the patient had been raised as a girl, she wished to have a vagina so 
that she might marr} 

Vaginal construction and an exploratorv celiotom3 were performed, November 10, 
1937 Six days before this opciation, the operator had jiarth dissected the space between 
the rectum and bladder, but had done nothing else It happened that the author read 
his preliminarj report of his method of constiuctmg the eagma at a medical meeting and 
Doctor Hundlci utilized the technic on this patient The immediate result of the opera- 
tion was successful The patient discontinued the use of the balsa wood forms, however, 
and the spice contracted She, therefore, consulted a surgeon elsewhere, who stretched 
the \agina and cocered the raw surface with Thiersch grafts The result evas apparently 
excellent The patient is now married We consider the first operation a failure, due to 
the failure to follow the proper postoperatue care 

Case 12 — Dr Charles Stevenson, Baltimore, Md This patient w'as a colored girl, 
about 15 ecars old, whose onlj^ complaint was the inability to have intercourse The onlj 
demonstrable phjsical defect was the absence of a cagina and uterus Operation, May, 
1939 The siiigeon leported tint the operation was ease and completed without difficultj 
The hospital coinalescence was also satisfactory There was some difficulty m the late 
postoperative caic, howecer, and the vaginal forms were not used The vagina was 
apparentl3 about 4 cm deep when the last examination was made This operation is 
therefore classed as a failure 

Gemio-Utmmy Half o) mat w)n As^octafed with Absence of Vagina — This 
phase of the problem is not within the lealm of this paper, therefore, it will be 
dismissed by meiely siimmaii/mg' the findings In a foithcoming study, this in- 
teresting question, and the findings in these and othei cases, will be piesented 
in detail 

In these 12 cases, ten vv'ere noimal females, as fai as sexual diffeientiation 
was concerned They presented no tiace of heimaphroditism Two were 
pseudohei maphrodites, of the male sex with female secondary sexual features 
and female external genitalia These two pseudohermaphiochtes had testes, 
and no ov^aries They had no vusible mulleiian duct 

In one of the 12 cases, theie was a hoiseshoe kidney In a future study, 
w^e shall present a case that had complete absence of one kidne}' with incom- 
plete descent of a functionless, cystic ov^aiy, anothei case showing absence of 
one ovaiy, and a third, with myomata, as laige as a giapefruit, developing 
from a uteius no larger than a thimble 

In geneial, eveiy case of absence of the vagina should hav'^e a complete 
genito-ui inaiy examination because of the possible association of othei malfoi- 
mations 

Discussion — Final Results The authoi has assembled a gioup of 12 opei- 
ations for constiuctmg the vagina accoiding to the suggested technic These 
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opeiations weie perfoimed by seven opeiatois The final lesults of the opeia- 
tion weie peifect in eight cases, unknoiMi in one case, and complete oi paitial 
failures in thiee cases In the successful cases, the constructed vaginas were 
lined by squamous epithelium m e\ery case m which a late biopsy was taken 
The vagina was usually 9 to 13 cm deep, commodious and insensitive Some 
of the patients expiessed themselves as being completely satisfied, sexual life 
vas normal, oigasm was definitely experienced by some of these women In 
one instance, the author obseived that the vagina inci eased in depth by i cm 
during the fiist year aftei opeiation, shoving that the vagina is pliable 

Opel at we Diffieiilties — The lectovesical septum is noimally soft and pie- 
sents a clean plane of cleavage In the absence of scar tissue the rectum and 
vagina can often be sepaiated by blunt dissection in a veiy few minutes This 
step is common to all opeiations foi constiucting the vagina 

If this septum has been lepeatedly mutilated, infected and scaiied-ovei 
b} pievious dissections, it is giadually leplaced by dense fibious tissue, which 
binds the veiy delicate bladdei mucous membiane and muscle to the thickei 
lectal wall Hence if one is unfoitunate enough to have to try to make a 
vagina aftei two 01 thiee otheis have failed, he is sine to experience great 
difficulty in dissecting the space between the lectuin and bladdei The chances 
aie even that he will injure the bladdei . in one case, a suigeon injured the 
lectuin One can oiient himself by keeping a sound in the bladder and an 
assistant's fingei in the rectum In spite of this, howevei, the bladder will 
be unavoidably peif orated occasionally This emj:)hasi7es the impoitance of 
refraining from ill-advised attempts to make a vagina, a failuie will only 
lessen the chance of futuie success and gieatly mciease the piobabihty of 
vesicovaginal 01 rectovaginal fistula 

The Type of Vaginal Foi iii — In these ojierations, vaiious substances have 
been used to constiuct a vaginal mold 01 foim, such as large rubber tubing 
covered with layers of gauze, tongue depiessor wiapped with gauze, melted 
paraffin pouied into a condom, balsa wood molds, and molds made of the 
obturator of a proctoscope, plated with silver All of these substances, with 
the exception of the silver foim, have been covered with thin lubber (condom) 
to keep them fiom sticking to the raw vaginal walls All of these foi ms have 
been satisfactoiy It seems that the only essential featuies aie that the form 
should be sufficiently iigid to lesist the constant pressuie of the perineal 
muscles , smooth, so that it will not adhei e to the sides of the vagina , clean 
and sterihzable , nonabsorbent, so that it will allow good diamage, and light, 
so that it will not press on the lectum The silver foim made b}'^ Doctor Woid 
IS probabl} the most satisfactory, but cannot be made by everyone, and cannot 
be given to the patient The simpler foi ms have, however, pi oven just as 
satisfactory, although we would prefer the silvei form when available 

Use of Mucous Membiane Giafts — These have not been necessary, as 
shown by the successes obtained when they cvere not employed The author 
used them 111 his last case, but did not notice any inciease m the late of 
epithehzation It is possible that they may act as foieign bodies and predispose 
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towaid infection if they do not “take ” We see no objection against placing 
a few pinch-grafts ovei the end of the vaginal foiin, cutting these grafts 
fiom the innei smface of the labia minoia But this step is not necessary, if 
the vaginal space is caied foi propeily and kept open, the result will be good 
in eithei case 

Ahccssity of Retention Cathetei — We have used a letention catheter only 
when the bladder has been injuied An indwelling catheter has been used by 
about half of the opeiatoi s If it is not used, it may be necessaiy to catheterize 
the patient once or twice, but after that uiination is usually noimal In one 
instance, the letention cathetei inci eased the piessuie on the vaginal mold 
sufficiently to pinch the uicthial meatus and cause a slough in the uiethial wall 
just undei the pubis, at the external oiifice This did no functional damage, it 
IS however, unnecessaiy 

Length of Hospitalisation — Some opeiatoi s have allowed then patients 
to go home m five days, otheis eight oi nine days, still otheis aftei thiee weeks 
The results have been equall}^ good m all cases 

Postopei ative Cate — Most operatois have not lemoved the foim till the 
twenty-fiist oi twenty-eighth day It is easily lemoved and leplaced, without 
anesthesia The vaginal walls can then be examined most readily in the knee- 
chest position and the process of epithehzation matched 

The aftei -tieatment consists m keeping this space open and clean One 
may irrigate it occasionally, using salt solution oi boiic acid Weak anti- 
septics such as mercuiochiome (2 pei cent) can be applied The lubricated 
foim must be voin most of the time foi two months As the vails become 
moie iigid and coveied with the blue layei of tbm ejnthehum, the foim can 
be left out pait of tbe time Eventuall)", it can be left out peimanently, aftei 
the epithelium has become thickened 

Intel com se is prohibited till tbe epithelium is thick and stiong This ivill 
piobably take thiee months, although in one case (Woicl) the patient maiiied 
ten weeks after the opeiation and has had noimal sexual lelations evei since 
Bleeding — Hemoiihage was a seiious complication in one of these 12 
cases It IS imperative that the vaginal walls be completely dry befoie tbe 
foim IS mtioduced Tbe points fiom which one may expect serious bleeding 
aie on the lateial walls, 111 the position of the broad ligaments These aieas 
aie vasculai and may lequiie tiansfixion sutuies If the walls of the space 
aie not diy, the seepage of blood may force tbe foim out, in one case, the post- 
opei ative hemoiihage was enough to require tiansfusion 

Infection — This has not been a factoi m an}^ case in winch the authoi s 
technic was employed Caieful technic in the opeiating 100m, hemostasis and 
lack of tiauma help to avoid infection 

THE CAUSES OF FAILURE AND COMPLICATIONS 

(i) Failiiic to iveai the vaginal fot in It is essential that the space be kept 
open All of oui failuies aie definitely tiaced to the patient’s neglect in weal- 
ing the foim 
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(2) Injioy to hladdei 01 1 ectwn The surgeon who is the first to separate 
the lectuni fiom the bladder has an easy task , he can do the operation by blunt 
dissection in a few minutes The suigeon who perfoims the second dissection 
a year 01 so latei has a definitely haider task, as there is a good deal of scar 
tissue If he fails to make a satisfactoiy vagina, the next opeiator luiis an 
even chance of injuring the bladder 01 lectum The fourth trial is almost 
suie to be futile 

If the bladdei is injuied, it is immediately closed ovei, using whatever 
tissue IS available If theie is any solid vaginal mucosa, it is a gieat asset 
One cannot veiy well enlarge the vagina after the bladder has been torn Also, 
it may be iisky to use a vaginal foim, although m one case the authoi did place 
a foim and got an excellent result The patient still has a small fistula, how- 
evei, just enough to leak a few diops intermittently Injury to the bladdei 
or rectum immediately lessens the chance of making a satisfactoiy vagina 

It IS to be lemembeied that the dissection of the vaginal space is a necessary 
step in any operative method of making a vagina, and that the above statements 
would, theiefoie, apply equally to any suigical method of constiuctmg the 
vagina The only method of constiuctmg a vagina wdiich does not involve any 
suigical dissection is the giadual dilatation of the \agmal space by manual 
pressuie, using a glass 01 metal dilator This is probably one of the oldest 
piocedures, having been desciibed and piacticed about 100 yeais ago, it 
has recently been remtioduced 


CONCLUSIONS 

The author’s method of constiuctmg the vagina has been employed by six 
other suigeons In all, 12 cases have been opeiated upon 

The final results have been perfect m eight cases, paitial 01 complete 
failure m three, and unknown m one 

The depth of the vagina, as determined by follow^-up examinations, several 
months to three years after the operation, has vaiied fiom 9 to 13 cm in the 
eight successful cases It has been commodious, insensitive and distensible 
The vagina has been lined by squamous epithelium It is oui opinion that 
this glows up fiom the epithelium at the vaginal orifice 

The length of hospitalization vanes fiom five days to foui w^eeks 
Postoperative hemoirhage w’’as encounteied m one case 
Sexual relations have been described as satisfactory to both husband and 
wife 

Operative injury to the bladder or rectum occurs occasional!)^, m 12 cases, 
the rectum w^as injured once, the bladder twuce In patients who have been 
operated upon several times, the rectovesical septum is a mass of scar tissue 
and injury to these hollow'^ viscera may be unavoidable One should hesitate 
before attempting to opeiate upon a person for the third time and explain the 
Situation to the patient, at a fouith opeiation, the chance of injuring the 
bladder is very great, and the likelihood of forming a satisfactory vagina 
equally slight Giadual dilatation of a small, shallow vagina, 5 or 6 cm 
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deep, may make it consideiably deeper, piovided there is not too much scar 
tissue 

If the vaginal space can lie dissected satisfactorily, one can almost guarantee 
a good lesult if the vaginal cavity is kept open and clear This emphasizes the 
impoitance of operating only upon women who will coopeiate in cai lying out 
the piopei postopeiative tieatment 

In conclusion, the above lecord shows that six surgeons, who had never 
seen the opeiation peifoimed, earned out the technic and obtained good re- 
sults In 12 cases, there weie eight successes, and thiee paitial or complete 
failuies Theie \\eie no deaths 
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CONGENITAL ARTERIOVENOUS ANGIOMA OF THE ARM* 

IMETASTASES ELEVEN YEARS AFTER AMPUTATION 

Rudolph Matas, M D 
New Crleans, La 

This is the histoiy of a patient with a congenital ai teriovenous angioma 
(cavernous type) of the light upper extiemity, complicated by giave caidio- 
vascular distmbances, legional recunence and seeming metastases in the 
coi responding light axillaiy scai and chest wall, eleven years aftei disaiticu- 
lation of the aim at the shouldei , excision of the chief metastatic growth in 
the axillaiy scar and chest wall, with lecoveiy and seeming freedom from 
lecurrence oi metastasis almost foui 3'^ears latei f 

The patient evidenced an arteiiovenous angioma of the cavernous type 
which, appealing externally at bnth as a small pulsating swelling m the little 
fingei of the right hand of a congenitally hyperti opined aim, giew upward 
until. 111 the couise of 21 years, it leached the armpit Its advance was hist 
checked tempoiaiily, nhen the paiient nas 16 years old, by an amputation ot 
the forearm, aftei the ligation of the ladial and ulnar arteries had failed to 
contiol It Recunence soon followed m the stump, compelling the amputa- 
tion of the arm at the shouldei at the age of 21 

The case owes its chief mteiest to the fact that neaily ii yeais after the 
amputation at the shoulder, and aftei the appaiently complete recoveiy of 
the patient, the disease recurred as a legional metastasis in the axilla and scar 
of the amputation and as a sepaiate angioma at a distance, m the coriesponchng 
side of the chest wall The clinical chaiacteiistics and the microscopic exami- 
nation of the new growths fully^ confirmed their histologic and clinical identity 
with the piimai}'^ angioma of the aim amputated ii y^eais before This tumoi, 
therefoie, enters that veiy laie group of the metastasizing hemangiomata 
wdiich are at present claiming much of the attention of pathologists and 
clinicians in an endeavor to account foi the seeming paiadox of a histologically 
benign and clinically malignant tumor In othei woids, a histopathologic illus- 
tration of the old fable of the “wolf disguised in sheep’s clothes ” 

Another distinctive feature of this growth, and quite apait from its purely^ 
oncologic or tumoral aspect, is the efifect that the giowth, as an arteiiovenous 
cavernoma, has had on the heait and cii dilation 111 the course of its long devel- 
opmental history When we realize wdiat a single artei lovenous fistula 

* Read before the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 

t A preliminary report of this case m abstract was read at the meeting of the South- 
ern Surgical Association at Biloxi, Miss (December 16, 1936), but delayed for publica- 
tion to permit of further observation in regard to recurrence and metastasis An interval 
of nearly four years has elapsed since the performance of the last operation (April 8, 
1936) and at the present date (January 20, 1940), the patient is in good health and, 
apparently, without signs of recurrence or metastases 
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between a large arteiy and vein can do to nijuie and cripple the heart, we can 
understand how a monstious tumor like this, which is stiucturally but a 
coarse sieve thiougli which the aiteiial blood of the whole extzemity is poured 
dnectly into open venous cliannels without the interposition of the capillary 
bed must strain the heart by the enormous venous oveiflow that is shunted 
into It thiough the open aitenovenous channels in the tiimoi The remaikable 
lecoveiy of the heait and cii dilation aftei the amputation of the aim, despite 
the many yeais that the patient had been disal>led hy his abnoimal cn dilation, 
and the new thei ajieulic and pi ognostic pi oblems set up by the unexpected 
leappeaiance of the giowtli, in connection with the intimsic interest that at- 
taches to this rare and formidable type of vascular giowth, uould seem to 
justify the detail with which the history is heiewith presented 

Case Report WJien tlie patient, C C , male, age 21, first came under m^ care, 
February 20, 1925, Jic appeared as a ratlier undersized but well-proportioned jouth of 
Israclite-Amcncan descent, fi^c feet four rnclies in Jieight, weighing about 130 pounds He 
was an alert student, wJio had advanced at college despite the handicap of a disabled 
right arm and long suffering caused by the angiomatous disease His family antecedents 
were excellent There was, apparently, no sign of hercditarv disease or deformitj^ in his 
immediate and remote ancestry and collaterals, tlie fatiier was Ining, normal, and without 
complaint, at age 58, and liis mother likewise well, at age 47 He w^as the >oungest of 
three children— a brotlicr and sister, both healtli>, Mgorous and without complaint 

His mother stated that at birth he was, m c\cr> respect, a perfectl> normal bab} 
except for a notabl> enlarged riglit arm, including the hand and forearm, both in length 
and ciicuinferciice, and although differing from the opposite arm in size, it w^as in no 
way large enough to attract attention as a deformit} The enlargement suggested a 
simple Inpcrtrophj without deforniitv or edema The enlargement seemed to involve 
all tlic parts symmetrically, even the bones feeling larger and thicker than on the other 
side There w^as no difference in the use of the arm Apart from tins uniform enlarge- 
ment, the only feature to attract attention was a small led birthmark (ne\us) on the little 
finger of the right liand 

Although physicians were consulted, nothing was done therapeutically as there w^as 
little or no functional disability^ though tlie limb continued to enlarge AerA gradualh with 
the growdh of the clnlcl Otherwise, the babv grew^ and developed as any other healthy, 
normal cluld, gnung no cause for anxietv until he was three years old, wdien he was 
seized wnth an acute mctapneumonic empyema from which lie had a nariow escape only 
after the resection of a rib and long pleural drainage 

This operation and a tonsillectomy, at age six, constituted the chief complications that 
w^ere added to the patient's slowly enlarging arm, until he was n years old, when he 
began to suffer irregularly from periodic attacks of pain wnth extreme sensibihtv of the 
hand, wrist and fingers, accompanied by some fevei These episodes were so severe that 
they kept him in bed wdnle they lasted, usually for several days, and a notable increase 
in the size of the arm follow^ed each attack These attacks were renewed at long in- 
tervals until he was 14 years old when he was prostrated by an extraordinarily violent 
illness limited to the affected arm It was diagnosed acute articular rheumatism, which 
kept him m bed for over seven weeks This attack involved all the joints of the 
fingers, hand and w^nst and, judging by the description, had all the chaiactenstics of an 
acute arthrosynovitis with fever and an exquisite pain on touch and motion that caused 
unutterable suffering When the attack finally subsided, the hand was left permanentiv 
swollen and disabled, with all the joints of the hand and wrist thickened, stiff and dis- 
figured by hard edematous swelling 
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The true nature of these attacks is not known nor their i elation to the angiomatous 
disease which, though unrecognized at the time, had undoubtedly existed in the hand since 
birth , but the periodicity of these attacks, the unilateral, regional localization, with fever 
and progressive swelling aftei each attack, are suggestive of the periodicity of elephantiasic 
fever and permanent lymphedema caused by Unna’s streptococcus of elephantiasis nostras 
The permanent swelling, stiffness and pain in the hand, which completely disabled the 
arm, led the paients to take the patient to the Mayo Clinic This was in 1919. when he 
was 16 years old, and where the first serious studj of his case was undertaken by Dr 
J dej Pemberton, who recognized the angiomatous disease which had been at the 
bottom of the boy’s pathology since birth 

I am verj much indebted to Doctor Pemberton^ for directing my attention to a sum- 
mary of this patient’s case while at the Mayo Clinic, in a very valuable paper on “Con- 
genital Arteriovenous Communications,” prepared by himself in conjunction with Dr 
James H Saint, which was published thiee years after I had operated upon the patient 
in New Orleans The observations aie veiy valuable, as they provide the essential data 
regarding the condition of the patient and his tumor at a most important period of 



Fig I — C C age is Congenital cavernous angioma 
(arteno\ enous) of hand w rist and foreai m Reproduced bj 
courtesj of Dr J deJ Pemberton from photograph taken at 
Ma>o Clinic in igig (Pemberton and Saint Surg Gjnec and 
Obstet , 46, 472, April 192S ) 

his histor}^, besides, the}'- afford an excellent photograph of the hand and forearm before 
the progress of the disease compelled then amputation (Fig i) 

Quoting the description gi\en by Doctor Pemberton, ^ in his paper of 1928, learn that “The 
patient, C C, Avas first admitted to the Mayo Clinic in 1919 when the right arm ^vas seen to be of 
greater girth than the left, also exceeding it in length bj i 25 cm A pronounced arteriovenous bruit 
was heard 111 the palm of the hand and in the right clavicular region Roentgenograms of the hand 
showed ^^hat seemed to be a destructive aithritis of the proximal ends of the metacarpal bones and 
bones of the carpus The radial and ulnar arteries were ligated at different inter\als and dnided 
(Doctors Henderson and M>erding) At these operations all the vessels in the neighborhood of the 
wound seemed to be enlarged Following these ligations the size of the hand was reduced one third, 
and the bruit and pulsations w^ere considerabl> diminished ” It was now evident, also, that the great 
bulk of the swelling in the hand and fingers was caused b> the steadily growing angioma 

The patient again visited the Clinic m 1920 Six months previousb, he had noticed a dark scab 
o\er the joint of his little finger, at the seat of the primar> birthmark or nevus One month prior 
to his arrival at the Clinic the scab broke down and a very painful, progressive ulceration followed 
It was then decided that an amputation through the middle of the forearm was necessary and this was 
performed (Doctor Henderson) in September, 1920 on the eve of the patient’s seventeenth birthday 
The pathologist’s report was “progressne gangrene of the fingers and half of the hand with the be 
ginning of ulceration on the dorsal surface of the little finger ” (The precise cause of the gangrene 
IS not stated ) The amputation gave the patient great relief and made him free to enjoy outdoor 

sports especiallj one arm tennis, which his sensitive and long suffering right hand had previously 
denied him 

Three years after this event (1923) the patient (then a student at Washington University), while 
going through a periodic ph>sical examination, was told by the medical examiner that he had an 
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aneurjsm m the svibch%nn region which was serioiisb affecting his heart He was then adsised to 
return to the Mayo Clinic, where he was readmitted in July or August, 1924 There he was eaamined 
l.> Doctors Pemberton and Henderson, and the late Doctor Brown whose attention was chicflj directed 
to the right supraclasicular region, where all the signs pointed to a congenital arteriovenous aneur>sm 
of the subclaM'in vessels 

Again quoting the obseriations of Doctors Pemberton and Saint 1 “A systolic pulsation was visi 
Me in the supra and infraclaMcular areas and a subdued thrill which was best obtainable in the right 
supraclavicular space The stump of the right Soreirm, uhich had been amputated three jears 
previousb was about three times larger than the normal side, tapering off toward the shoulder The 
■iholc arm pulsated with each systole A loud continued bruit with systolic exacerbations, could be 
heard throughout the right arm and up to the clavicular region but it was most marked in the 




Tig 2 — C C, in 1925, nge 21 Sho\Mng 
recurrence of the intionn in stump of fore'irni 
'iniptitnted four vears previously Note con 
gested club sinped stump, throbbing Tnd pur 
plish in dependent position dotted lines indicate 
ciiormousjj diWted brachial vessels 


supraclavicular space The superficial veins of 
the right arm were dilated to three or four times 
their normal size The heart was markedh en 
larged the ape\ heat being visible in the sixth 
left interspace The svstolic blood pressure m 
the normal left arm was 117/56, pulse 72” In 
a recent (January 5 1917) personal letter, Doctor 
Pemberton states that one interesting feature of 
the examination which was not included in the 
case report of 1928 was ‘a marked difference 
in the blood pressure of the right and left arms, 
that m the right arm being 130/85 while that 
in the left was 106/^6” Continuing with the 
notes recorded in 1924 ‘ The surface tempera 

ture of the right arm was 964® F, while that 
of the left was gi° F The blood in the veins 
of the right arm was examined for differential 
ox>gen content b> the late Dr Brown who 
found the venous hlowl flowing from the arm to 
he ilmost arterial in character, as determined bv 
the oxvgen saturation (90 per cent for the right 
30 per cent for the left arm) Dr Brown also 
tried to visualize the arteriovenous fistula which 
w IS supposed to exist between the subclavian 
vessels with a sodium iodide radiopaque solu 
tion, but this failed to exhibit anv arteriovenous 
comnuuiication, presumablv because of the un 
usuallv free collateral circulation ” 

The conclusion arrived at at the Mavo Clinic 
was that the cardiovascular disturbance and 
angioma of the arm were dependent primordially 
on a congenital arteriovenous fistula of the sub 
clavian vessels No further operation or surgical 
treatment was advised for the time being at 
the Clinic, and the patient returned to Wash 
ington Unnersitv, St Loins, in September, 1924 
and finished the preset ihed four vears* course 
m 1 ebru ir> 1925 Realizing tint his condition 
was growing worse (enlargement of the arm 
stump, dispnea, palpitation on exertion c/c), 
he came to hew Orleans where I first examined 
him, Febuiari 20, 1925 


Physical Exammaiion — Without any knowledge of the observations made at the 
Ma>o Clinic, except the patient’s statement that his case had been diagnosed as an 
angioma of the arm and arteriovenous aneurysm of the right subclavian vessels, m> at 
tention was immediately directed to the stump of the light forearm, which had been 
amputated four years previously The appearance of the amputated limb, m compan 
son with the normal side, is well shown in Figure 2 , which shows the club-shaped en 
of the stump and C3lmdric contour of the arm, gradually tapering toward the axilla 
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an arteriovenous cavernoma of the stump extends to the axilla 

AS A PLEXIFORM ANGIOjMA 

The club-shaped end of the stump and larger size of the right arm ( 5^4 cm greater 
at the elbow and 5 cm at the base of the forearm) , the visible, heaving pulsation of the 
stump and of the whole arm up to its upper third with every beat of the pulse , the dark, 
congested, cyanotic color of the stump when allowed to hang down (Fig 2), with the 
marked reduction in size and pallor of the stump when the arm was elevated, were all 
signs which prepared the observer for the striking phenomena revealed by palpation and 
auscultation over the stump, namely, loud s^^stolic murmurs blending with the venous 
hum, and the thrill which could be heaid and felt vibrating under the hand from the 
terminus of the stump, especially in the neighborhood of the amputation scar, up to the 
upper third of the arm on the inner side, thence to the level of the axilla On palpation, 
the brachial artery was felt to be enormously enlarged, growing larger as it approached 
the stump, where it was lost in the pulsating, heaving, humming stump of the forearm 
and above the elbow The superficial veins of the arm also pulsated and were notably 
enlarged The muscles of the forearm and lower third of the arm were incorporated, 
without anatomic differentiation, in one common mass of tense, pulsating, sponge-like 
tissue that could be grasped and emptied by a squeeze of the hand, giving the impression 
that the stump had been transformed into a tumor riddled with cavernous spaces through 
which the blood circulated in great volume Even the lower end of the humerus, and 
the terminal distal stumps of the radius and ulna felt enlarged 

AN ARTERIOVENOUS FISTULA SIMULATED BY AN ENLARGED SUBCLAVIAN 
ARTERY CLAMPED IN THE GRASP OF THE SCALENUS MUSCLES 

Pursuing the investigation further up from the elbow to the axilla, and from the 
axilla to the supraclavicular triangle, the enlarged and vigorous pulsations of the 
brachial, axlllar} and subclavian arteries at once attracted attention b}^ their promi- 
nence and vigor Here again, the ver}'' large size of the subclavian artery, from its 
origin as it emerged from the innominate at the suprasternal notch, was most suggestive 
of an aneurysmal dilatation Here again, all signs of an arteriovenous aneurysm which 
had developed in the amputated stump of the forearm were duplicated with even greater 
intensity The systolic murmur could be heard above and below\the clavicle and trans- 
mitted to the sternum as low as the third right costal cartilage, and with the superficial 
thrill which could be felt all along the subclavian tract but with greatest intensity about 
the crossing of the anterior scalene muscle 

All these signs pointed to an arteriovenous fistula which, seemingly, connected the 
subclavian artery and vein at about the crossing of the anterior scalene muscle Against 
this view, however, was the fact that the enlargement of the artery did not end at the 
supposed seat of the arteriovenous fistula, but continued, enormously dilated throughout 
its course, down the arm to the elbow, where it was lost m the spong}’’ mass of the 
cavernoma at the end of the stump, previously described 

The question that arose was whether the enlarged artery and dilated veins were suf- 
ficiently accounted for b}’’ the multiple arteriovenous communications in the cavernoma, or 
was there, in addition, an arteriovenous communication in the subclavian vessels as a 
part of the congenital vascular pathology of the extremity Remembering that the 
enlargement of the arter^’^ on the proximal side of an arteriovenous fistula and the 
increased volume of arterial blood that flows through it is, teleologically speaking, but 
an effort to compensate for the relative ischemia of the tissues below the fistula, and 
that the enlargement of the artery is directly proportional to (i) The size of the 
fistula , (2) the volume of arterial blood that is short-circuited into the veins at the 
fistula, and (3) the duration of the fistula, and, since all these conditions were present 
and even enormously exaggerated in this case, I was inclined to attribute the enlarge- 
ment of the whole arterial system of the upper extremity to the presence of the 

1025 



RUDOLPH MATAS 


Annals of Surgerj 
June 1040 

cavernoma On tlie other hand, the murmurs and thrill m the upper supraclavicular 
region seemed to contradict this view in favor of the fistula I, therefore, decided that 
the only positive -way to clear our doubts was to determine the presence or absence of 
the fistula by a thorough exposuie of the subclavian vessels 

Systemic Caidiovasculai Stejns and Syiii/i/om^— Before attempting an operation, 
however, it was decided that the cardiac and S 3 stemic cardiovascular changes that had 
been effected by short-ciicuiting of the arterial cii dilation in the cavernoma of the arm 
had to be caiefully studied To this end, a series of telcorocntgenograms showed that the 
hcaif zvas cnla)gcd in all its diameters (Fig 3) Auscultation revealed the heart sounds 
to be of normal quality, accelerated but of regular rhvthm, accompanied, however, by a 



Pft£-0PEtKATn/£ 

S.C JL Aieter 


Tig 3 — C C, 'iRe 21 Preopentne teleroentgenoj,iam of licTrt rebrinr\ 25 1925? 
l)cfore suppiession of the Tiigionn b\ Tiiipiitation of the arm 

loud S3^stohc murmur which could be heard at the ape\, which radiated up to the pul- 
monary area, and was Jieard loudest in that area Fluoroscopicalh, the cardiac shadow 
was seen to coni) act appreciably when (1) Firm digital pressure was put upon the 
subclavian artery, in the supraclavicular triangle, sufficiently to arrest pulsations and 
hush the sounds in the cavernoma of the arm, (2) the same result was obtained by^ en- 
circling the arm with an elastic tourniquet or the sleeve of a sphygmomanometer , and 
(3) zahen the spongy stump of the fofca?m zaas squeezed ztnth a finn gup of both hands 
Coincidently with the contraction of the heart shadow, the pulse dropped from So to 7Q> 
and less, while the blood pressuie in the left (normal) arm rose from 102 Mm to i 3 o/ 72 » 
which was also the pressure obtained in the angiomatous aim 

The systemic effect of the angioma on the heait and circulation was more accurately 
and fuliv confirmed by^’ Professor Garrey^’s studies of the patient in the Plnsiologic 
Laboratory of the Medical School of Tulane UniversitA, poh graph records and the 
electrocardiograms taken by’ Dr B Heninger in charge of the Heart Station at Touro 
(Graph i) All these combined to demonstrate the arteriovenous structure of the 
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angioma and the characteristic eflfects of aiteriovenous fistulae on the heart, the pulse 
rate and blood pressure— which I have collectively described as the “Branham syn- 
drome,”-® when they are manifested upon compression or obliteration of an arteriovenous 
fistula in traumatic arteriovenous aneurysms, and as the “Nicoladon'^-Israel® phenom- 
enon” upon compression of an aifcnovcnons anqioma, as in this case All these signs 
and s3mptoms, so typical of the systemic effects of an arteriovenous fistula, made it neces- 
sar\ to intervene promptly in order to stop the arterial leak and the venous plethora that 
had already exercised a verj damaging effect on the heart in this case 

Since compression of the thud division of the subclavian artery reproduced the 
“Branham bradj cardiac sjmdrome” with as much vividness as when the angiomatous 
stump was compressed by the hand or the cuff of the manometer, I decided to begin the 
attack on the angioma by exposing the subclavian tiact and obliterating the fistula, if 



Graph I — C C, age 21 Electrocardiogram, March 19, 1925 (Heart Station, Touro Infirmary 
Dr B Henmger), showing effect of compression of the angiomatous arteriovenous stump Average 
length of c>cle 065 sec Note the immediate slouing of the heart rate This immediate slowing is 
at the expense of the diastolic period of the heart c>cle (S-T interval) Average length of c>cle 
after compression is o 85 sec 

this was revealed If no fistula existed, the arter}’' would be ligated, in the hope that the 
ligation would check the growth of the angioma To this end, the patient was admitted to 
the Touro Infirmary, April 2, 1925, and the operation was performed, April 3, 1925 

Opoatwu — PicUminmv control of the innominate aitoy foi the cxploiation and 
scaicli of a suspected a) to tovenoits fistula, zvith negative icsult Ligation of the sub- 
clavian vessels 

Under local and regional (novocam-adrenalin) anesthesia, the innominate arter^^', 
greatly enlarged, was exposed as it rose out of the chest into the neck i cm above the 
upper border of the sternum The artery was as large as the normal abdominal aorta 
in its lower infrarenal course and was easily isolated and controlled b}'’ an elastic trac- 
tion ligature (No i soft rubber catheter) placed below the bifurcation of the innominate 
Traction on this immediately reduced the size of the arm, stopped the thrill and silenced 
all the aneurysmal sounds in the neck and in the arm A temporary ligature on the sub- 
clavian at the inner border of the scalenus anticus produced the same effect, showing 
that there Avas no arteriovenous fistula anywhere in the course of the subclavian artery, 
from its origin in the innominate to the crossing of the scalenus anticus In addition, 
a ^ery clean and bloodless dissection of the subclavian vessels, arter}'’ and vein conclu- 
suel} demonstrated the total absence of any communication between the vessels, the 
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thrill and bruits being explained by the constncfion of the enotmously cnlatged subclavian 
aftcfv as it was held in tlic grip of the scalenus muscles B} dividing the anterior 
scalenus muscle, the artery was released from the constriction and the aneurysmal noises 
were silenced, even on relaxation of the ligature When it was clearly demonstrated in 
this way that there was no fistula, the subclavian artery was definitely ligated outside 
of the antenoi scalenus muscle, and the provisional traction loop on the innominate 
artery was removed The corresponding subclavian and internal jugular veins, both 
very much dilated, were also ligated near their junction at tlie innominate bifurcation 

At the close of the operation, the blood pressure in the right arm was found to have 
dropped to 42 ststohe and no definite diastolic On the normal side the blood pressure 
was 110/68 The angiomatous arm, itself, appeared to have been the most benefited by 
the ligation The stump at the forearm shrank and became noiseless and pulseless, while 
the pulse slowed and the general blood pressure rose Cardioroentgenograms, taken 
tiircc da^s after tlie operation, seemed to show a reduction m the midright diameter of 
the heart 

Ret uni of Puhahou and Relapse of the /luqiomo — The patient recovered without 
shock and the wound healed quickh, but, at the end of a w^eek, the angiomatous stump 
began to pulsate and, in anotlier week, the arteriovenous signs recurred m the arm, show- 
ing that the collateral circulation had been established With the return of the arterio- 
venous short-circuit in the arm, the patient suffered from attacks of acute paroxysmal 
pam m the slioulder wdiich could not be accounted for, except as a neuritis of the acromial 
branches of the cervical plexus The persistence of these neuralgic attacks, which required 
large doses of sedatives for relief, and the increasing evidence of a relapse m the angioma, 
hastened the decision to amputate at tlic shoulder joint 

Opnaiiou — The disarticulation at the shoulder joint was performed under ethylene-gas 
anesthesia, April 24, 1925, 21 clavs after the ligation of the subclavian, and after com- 
plete aseptic healing of the wound In amputating at the shoulder joint, hemostasis was 
obtained by carrying an clastic constrictor around the axilla and over the acromion where 
it was prevented from slipping bv a Wvelh pin The operation was planned to make 
the arm flap as short and as far away from the angiomatous growth as possible The 
axillarv contents were cleared — no enlarged or suspicious nodes were discovered, the 
axillarv artery was very large — as large as the normal innominate, and the veins of the 
arm, superficial 'incl deep, proportionately of large size The axillary v’-essels were ligated 
separately — despite the ligation three weeks previouslv While dividing the branches 
of the axillarv plexus, signs of shock suddenh appeared The blood pressure, which 
had risen at the beginning of the operation to 15S systolic, sucldenlv dropped to 118, 
while the pulse rate rose rapidly from 80 to 152 There had been practically no loss of 
blood and this sudden shock could not be accounted for, except by'' the possible effect on 
the heart of the nerve trauma, or by'” the sudden drop m the volume of the circulation 
going thiough the heart brought about by the amputation of the angiomatous mass This 
threatened collapse w^as aveitcd by^ a prompt intravenous infusion of hot saline solution, 
the patient leaving the operating room with a blood pressure of 130/70 

Recov'^ery'' from the amputation was complicated by a skin infection and later, on the 
eleventh postoperativ'^e day, by a bleeding v^em, from wdiich the ligature had been pre- 
matureh'’ detached The bleeding was promptly controlled, but healing was delayed 
by a hemostatic pack left in the wound for three days, after wdneh the healing progressed 
rapidly, and the patient was able to leave the hospital, Tune ir, about six weeks 

after the amputation 

Pathologic Anatomy and Histology of the Angiomatous, Amputated Ann Gioss 
Doctor Lanford An arm, disarticulated at the shoulder joint (Fig 4), and the same 
specimen injected with lipiodol (Fig 5) was radiographed before attempting any" dis- 
section The forearm had been amputated at the middle third five vears previous v 
(September, 1920) and the stump was most typical of the lesion “A cross-section through 
the forearm below the bend of the elbow, cutting through the radius and ulna, exposes tie 
muscular and other tissue planes all fused together and partly transformed into an 
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erectile cavernous tissue, in which all the anatomic arteries and veins are seen greatlj' 
enlarged The brachial aitery measures i 5 cm in diameter, and its walls about i Mm 
in thickness The vein measures almost 3 cm in diameter A careful examination shows 
that the soft parts are univei sally pei meated by a coai se network of blood vessels which, 
in many areas, has replaced the muscular tissue There is no degenerated, infiltrated 
and undifferentiated tissue, but a displacement and replacement of the normal tissues by 
the overgrowth and dilatation of the blood vessels of the part, from the capillaries up, 
the largest arteries and veins all seemingly intercommunicating through their branches 
to form the erectile arteriovenous tissue 

“While much of the angiomatous tissue can be accounted for by the simple dilatation 
of the normal vessels of the part, as the result of the penetration of the arterial stream 
into the venous circulation, there is also a laige, if not the major part of the angiomatous 
tissue, that is truly neoplastic This new growth is in the nature of an homeoplastic 



Fig 4 — C C age 21 Gross specimen of arm after disarticulation at right shoulder joint, 
April 24, 1925 Forearm had been amputated at middle third five years previously (September, 
1920) A cross section of the forearm immediateh above the stump terminal Specimen had been 
preser\ed in kaiserhng several months befoie section was made Note the great dilatation of the 
\eins, ^\hlch in life pulsated like arteiies Throughout the whole section the muscular planes ara 
practicall> replaced bj a coarse reticulum of intercommunicating arteriovenous channels (cavernous 
erectile tissue) Many of the veins are filled ^\lth a clot, hardened by the preserving fluid 

Inperplasia m which new blood vessels are born, and multipl}’' in form, true to type, but 
with restrictions, which differ from the malignant growths, in the fact that the vascular 
endothelium here arrives at maturit^^ and does not proliferate indefinitely as an atypical 
embryonic tissue 

The tumor is, theiefore, histologically benign, though in its progressive growth, re- 
placement of the normal tissues, and recurrence after amputation, it presents some aspects 
of malignancy The photomicrographs, shown in Figures 6, 7 and 8, exhibit sections 
through the skin and subcutaneous tissue Here, the normal, but enormously dilated, 
arteries and veins are shown and, next to them innumerable well-lined endothelial blood 
passages which carry the arterial blood into the venous system, and which constitute the 
bulk of the erectile growth It is the fact that the endothelial and connective tissue cells, 
of the angioma attain full maturity as blood vessels that gives them their benign character 

Repeated fluoroscopic, radiographic, and electrocardiographic studies were made after 
the amputation, which confirmed the clinical evidence that the heart and circulation had 
been \astly improved by the operation The size of the heart was reduced but still 
remained large (Fig 9), and ‘‘the systolic murmur at the apex radiating upward to the 
pulmonic area, where it is heard loudest,'' continued to be heard, but much hushed, as a 
seemingh permanent relic of the damage created b> the primitive arteriovenous fistulae 
in the angioma Figure 10 shows the patient as he appeared, January 20, 1926, about nine 
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months after the amputation The best pi oof of the patient’s s>mptomatic improvement 
was his statement, January 27, 1928, neaily three 3 cars after the operation, ivhen he wrote 
“Duiins the last foui vears, I liave enjoyed tlic best of health, my only ailments have been 
a few colds I Ime led a noimal life, plajcd golf and bowled for exercise, and have done 
cvcrvthing in the way of exeicise that I have felt inclined to do” Unfortunately, his 
splendid piospect for continued health was interrupted, August, 1933, when he contracted 
a lobar pneumonia wdiich overtaxed the heart, and kept him in a critical state until Sep- 

A B 



Tid 5 — C C, ngc 21 Snnie specimen injected \\itli 
hpioclol (A) Liter'll ^lc^^ The circle on the distil side 
of the stump exhibits i uirc constrictor tightened iroiind 
the stump to prcicnt escipe of the hpiodol through the 
open \csscls (B) Anteropostenoi \ic\\ Shows enlarged 
hnchnl irtcrj lost it the terminus of the stump in the 
sliidow of the tissues obscured by the ndiopique injection 
Aotc ilroph^ ind dccilcificition of humerus despite in 
ercised ^1Scul1rlt^ of the hone niirrou thiough the en 
lirged nutrient ind pcnosteil irtencs 

Unfortumtelj for the picture the ferminil end of the 
stump Jnd been cut off before the Iipiodol injection was 
ittemptcd ind in this wi> the mcw of the finil merger of 
the ridiil ind ulnir irteiies with the great pulsating ir 
terio\cnous ci\erns it the end of the stump is lost 

tcnil er 15, when lie continued to iTn])ro\c He had fully recovered and lesumecl all lus 
noimal activities when an unsuspected recurrence of the ant^ioma in the avilla, and another 
at a distance in the chest wall, bi ought him back to New Orleans, March 24, 1936, for 
further investigation and advice 

Jl/cfasfascs Appem ii Yems Afta flic Disoi iiculafwu — It would appear, therefore, 
that a period of nearly ir 3^eais had intervened between the amputation (which, in 1925, 
had seemingly eradicated the angioma) and reappearance of the angioma in the a\illar> 
stump and chest wall early in March, 1936 Duiing these 3 ears the patient had been 
seemingly fiee from all manifestations of the disease and had no intimation of recurrence 
until Dr J J Singei , of St Louis, in the course of a general periodic health examination, 
made the discover}^ of the lecuirence, which brought the patient back to my clinic, March 

24, 1936 
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Examination of the patient on arrival fully confiimed the diagnosis of a regional 
recurrence m the axillary scar of the amputation and anothei, seemingly a true metastasis, 
at a distance, in the sixth right anterior intercostal space below and to the inner side of 
the nipple These new angiomatous deposits, or foi mations, presented all the aneurysmal 
characteristics of the original growth in the arm, namely, a distinct, diffuse pulsation, and 
a much subdued thrill , a continuous venous hum with sj’^stohc i einforcements, also much 
subdued, all of which ceased on compression of the whole area, only to return when the 
pressure was removed The area occupied b}'^ the axillarj'^ giowth is well shown m Fig- 
ure II The angiomatous aiea presents no recognized boundaiy line oi discoloration of 
the skin that would indicate its extent On close inspection, it is seen to fill the upper 
axilla where the pulsation can be detected b}" careful palpation over an irregular elliptical 



Fig 6 — C C, age 21 Photomicrognpli of section through the skin of the angiomatous 
stump showing large cavernous spaces lying in the subcutaneous connectir e tissue i\ here the larger 
spaces are in many places divided by trabecuHted septa, all lined with tjpical mature endothelium 
As the section penetrates into the muscular lasers and be>ond the aponeurotic planes, the lacunai 
spaces become smaller and the muscle tissue is permeated, and laigely replaced, by a fine reticulai 
arteriovenous capillary plexus or netwoik (Hematoxylin Eosin, X6o) Dr J A Lanford, Apiil 
24, 1925 

area 6 or 7 cm long, distinctly involving the fat and subcutaneous tissue to the same 
extent 

The center of the angioma, and seeming vortex of the circulatory storm, is well 
indicated in the painted area in and about the scar left by the disarticulation at the 
shoulder ii years pieviously (Fig 12) Here the thrill and the pulsations are fairly 
well defined by palpation, the s3"stolic murmurs and venous hum being distinctl}’' heard 
over an even wider area with a stethoscope These bruits, however, are much mod- 
erated and softened in comparison with the murmurs that were heard in the arm before 
the amputation 

The whole bulging area in the armpit, and below it, is quickl} flattened and silenced 
by compression with the hand An aspirating needle introduced into the most promi- 
nent bulge of the tumor immediately filled the barrel of the s} ringe with bright red blood, 
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showing that the arterial current largely preponderates in the circulation of the tumor 
In addition to the axillary angioma, a fairlv well defined circle of faint pulsation 
can be detected below and to the inner side of the right nipple, in the area indicated 
in Figure 14, anterior view This circular angioma seems to he deeply under the skin 
of the intercostal space Tliere is no discoloration of the skin, or prominence, that 
would indicate the presence of the tumor Like the a\illar\ growth, it is an entireh 



Fig 7 — C C, Tge 21 Section of the snme tumor through the muscle ti‘;sue shoeing 
enormouslj diWted \cnous chniinel (X60) Dr J A L-inford, April 24 1925 


subcutaneous formation which lies bet\\een the shm and the niusculo-aponeurotic planes 
In this connection^ we realize that tliese neoplasms are disconnected, the compression 
and obhteiation of the axillary growth having no effect on the thrill, pulsations and 
murmurs of the intercostal angioma 

In order to explore the interior of the thorax for other possible metastases and deter- 
mine, if possible, any connection existing between the axillary and intercostal growths, 
a senes of teleoroentgenograms were made (Figs 13, 14 and 15) which show several vjev\s 
during and after the injection of the two angiomata with thorotrast 

From these vve judge that the injectable vessels or spaces in each tumor were rela- 
tivel} small m comparison with the v’^ascular areas recognized by palpation and ausculta- 
tion, and that they did not extend deeply into the thorax, but were seemingl) confined 
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to the chest wall The roentgenograms also clearlj demonstrated that the two growths 
were separate and independent of each othei Furthermore, as far as the fluoroscope 
and films could show, thcie were no lecogmzable metastatic deposits m the lungs, medi- 
astinum or heart 1 he two parietal metastases seem to have been confined to the right 
half of the chest wall In considering the practicability of their surgical extirpation 
It was also evident that the vascular areas exhibited by the radiopaque injections (thoro- 
trast) leprescnted only the core or voitex of the angiomata, tc, where the intercom- 



I ir 10 — C C, Tpe 22 Jnmno 20 1926 About eight months 
iftcr the nmi>utation Tt the shoviUler jomt, April 24 1925, the 

slnlioii, horseshoe slnped sindoiv o\cr the right sternochMcuhr 
joint indiCTtcs the scir of the incision for the exposure nnd ligT 
tiou of the subeWMTu 'irtcrj 'ind ^cm (April 192s) The pT 
tient Ind been completclj relieved of his cirdiocirculTtorj s>mp 
toms when this pictuic wts tThen 

niunicating' channels between the neoplastic arteries and veins were laigest and most 
pcnetiablc to the radiopaque injections There is no doubt that, be\ond these plainl} 
Msible central aitenovenous sinuses, there was a widel) distributed zone of new or ab- 
normall}'' dilated capillaries which gradually merged with the normal vascular supply 0 
the 1 egion 

P) chmiuat y Pf copoativc Consido ations — In conformity with this view of tie 
angiomata, the area to be excised would have to be much larger than that defined by the 
radiopaque injections The piophvJacitc conUoJ of hcmo)ihaqe in the course of tlie ex- 
tirpation was, therefore, a matter that gave seiious concern, with the added prospect tiat, 
in dealing with the intercostal tumor, the excision of the tumor would be complicate 
by a pneumothorax 
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Fig 13 — C C ngc 32 Jvlnrch 26 
R-Klioj^rnpli showinjj injection of tliorotrnst m see 
on(lnr\ in^ioin t 




* 



j 

j 


Tic 14 ‘ — C C, T},e 32 ^iTrch 26, 1936 
K*iflio;,rTpli sliowinj, metastatic aiifrioma in the 
sixth interspace below the nipple, fi\e nnniites 
ifter injection with thorotrast The aMHar> 
j^rowth, seen as the opaque injection, is fadmi, 
iwa\ 



Fig 15 — C C age 32 March 26, 1936 
Profile %neu of the intercostal growth in the an 
tenor chest wall, two minutes after injection 
with thorotrast 



Fig j6 — C C, age 33 March 2 1937 

teleroentgenograiti of heart 14 months after ex 
tirpation of avillarj angioma 
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As the axillarj growth w’as the larger, more active, and beginning to thin the skin 
covering, it was more liable to accidental hemorrhage from trauma, ulceration or sponta- 
neous rupture It w’as, therefore, decided to attack this growth first, and reser\e the 
extirpation of the intercostal mass for a secondary operation after the patient’s rcco\cr\ 
from the first had been assured 

111 connection wnth the roentgenologic studies of the angiomatous growths, several 




l im ■■ Ijna— — 

Fig 17 — C C , age 32, jMarch 24, 1936 Radiograph of 
heart (t\so meter distance) 15 da^s before extirpation of metastatic 
angioma m the axilla Also sho\\s separate intercostal growth en 
closed in the circle 

teleoroentgenograms were made of the thoracic contents, especiallj’’ of the heart and 
aorta Figure 16 gives an anteroposterior view of the chest \\hich shows that the dimen- 
sions of the heart have slightly increased since the last roentgenogram taken in 1936 
(Fig 17) when it was found that the heart contracted verv noticeably after the amputation 
of the arm Observations, made at this time, showed that sustained compression of the 
angiomatous area lowered the pulse rate from 85 to 80 and increased the blood pressure 
m the arm b> a few millimeters — without compression, pulse rate 83, blood pressure 
138/70, with compression, pulse 80, blood pressure 140/72 The bradycardiac phenomena 
of an arteriovenous fistula under compression were present here (Branham syndrome, 
Nicoladom-Israel phenomenon) but much less pronounced than when the cavernoma of the 
forearm was compressed before the amputat^n of 1925 Corresponding evidence of slight 
but positive increase in the diastolic interval under compression was also furnished b}*- the 
electrocardiogram 

Exhrpaiwn of AxiUmy Mciostatic Angiovto — ^In the absence of all serious contra- 
indications, the patient was admitted to the Touro Infirmary, April 7, 1936, and the opera- 
tion was performed the next morning under combined local and general anesthesia After 
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a preliminary sedation Avith nembutal, followed m one hour by a hypodermic of morphine 
and scopolamine, the skin covenng the central core of the angioma was anesthetized with 
novocain-adrenal solution Aftei this, the whole pulsating area \\as densely infiltrated 
with ephedriiie sulphate (i i,ooo) in physiologic salt solution This was injected directly 
into the blood-filled cavernous spaces of the central core in order to obtain the maximum 
diffusion and vasoconstrictor effect of the drug on the tissues Ihe w^hole peri-angiomatous 
area was edematized and made hard, pale, ischemic, and pulseless wnth the same solution 
injected wnth a Dunn infiltrator In this w^a\ an elliptic area 15x7 cm was thoroughl} 



edematized and lendered ischemic and pulseless to tlie depth of the musculo-aponeurotic 
planes, theieby completel}^ circumscribing and enveloping the angioma with a vaso- 
constricting atmosphere wdiich made it possible to attack the tumor in a rdativclv blood- 
less zone at the peiiphei} At this stage the anesthesia was continued with c}cIo- 
propane-ox3^gen gas 

The excision \vas begun b}’- a curvilinear incision which extended about two-thirds of 
the circunifeience of the ellipse wdnch enclosed the angioma (Fig 12) Despite the marked 
ischemia that had been obtained b> the injection, much time was consumed m controlling 
numerous vessels wdnch were encountered as the tumor, in solid block, wuth the skin 
co\ering and fat, w^as lifted out of its deep axillar\ bed to the depth of the latissimus dorsi 
and the serratus muscles, wdnch w^ere exposed After complete hemostasis w^as obtained 
by clamps, ligations and electrocoagulation, the excision of the mass m toto was effected 
by completing the elliptic outline of the incision The solid block of tissue thus excised 
contained all the recognizable elements of the tumor, including practically all the 
ephednne solution (over 250 cc ) wdiich had been injected for the benefit of its ischemic 
effect 

It IS worth}'’ of note that the arteriolar and capillary s>stem in the vicinity of the 
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angioma showed an increased volume and capacity as the %essels converged centripetall} 
to the central core of the ca\ernoma, where the arteriovenous channels or sinuses met, as 
in a confluent, to form the vortex of the angioma 

The excision of the angiomatous block left quite a gap in the anterior axilla-pectoral 
region, but this was readih filled and closed bv undermining and mobilizing the walls 
of the cavity, and holding the cutaneous edges in place with interrupted silk and dermal 
sutures The wound w'as supported wnth broad adhesive strips and a copious sterile 
dressing under a Desault bandage 



Fig 19 — C C, nge 32 Section of axillary angioma evtirnited April 8, 1036 

1X240) Dr J A Lanford 


It should be noted that, despite the great care to reduce the bleeding to a minimum 
by the prophylactic hemostasis previous^ descnbed, the blood pressure began to fall and 
the pulse to quicken while the tumor w'as being excised from its deeper attachments 
Without w'aiting for further eMdences of shock, a glucose-saline diip W’as instituted 
through the internal saphenous lem at the ankle, and continued throughout the opera- 
tion until the patient was put to bed and fullj restored 

Pathologic Examination —Gioss Dr J A Lanford “Specimen consists of an 
hemangioma remo\ed from the right axillari region It is covered by an elliptical piece of 
skin measuring Iij4x6 cm The periphery of the skin show's some scar tissue m a hmted 
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area, but most of it is normal in appearance The under surface of the mass measures 
I2 x6J4x 5 cm , and is made up mostly of adipose tissue which had previously been cut 
through, showing many large and small blood vessels coursing through the fat, and all 
converging towards a center nearer the skm surface where the vessels united to form the 
cavernous areas of the hemangioma 

'‘A photomicrograph made from a section of the same specimen (Fig i8) shows an 
irregularly diffused infiltration of the subcutaneous fat by a network of capillaries, which 
tend to converge, without definite limitations towards a common center where the ves- 
sels merge to constitute an arteriovenous confluent or vortex The lymph nodes of the 
same region arc free from metastatic deposits, though the capsules appear to be involved 
in the angiomatous process 



Fig 20 — C C, age 32 Section of nMlHrj nngiom'i cMirpited April 
8, 1936 (X360) Dr J A Lniiford 


“The same specimen, examined with higher powers (X240 [Fig 19] and X360 [Fig 
20]), shows a connective tissue stioma of a reticulo-cndothelial t^pe with a large prepon- 
derance of endothelial cells, enclosing numerous blood cliannels or sinuses of new^ forma- 
tion and variable size, lined b\ w^ell differentiated endothclfal cells arranged in cvlinders 
of the same pattern, mostly held together h\ an outer la\er of concentricall> arranged 
spindle-shaped cells In places, the septa which separate these channels have broken 
dowm, thereb}'’ creating large cavities or ca\ernous blood spaces It is in this respect that 
this metastatic growth differs from the original parent angioma in the arm (Figs 6 and 8), 
for in that tissue the normal anatomic vessels, wdiether arteries or veins, ver3 much 
dilated from the effect of the congenital arteriovenous fistula, developed into pulsating 
blood spaces, which aie grossly recognized as cavernomata It was also the pre- 
ponderance of blood vessels of new^ formation that gave this metastatic growdh a more 
neoplastic character than that recognized in the parent tumor, wdiich developed largel> 
on a ground-w^ork of preformed vessels ” 

Subsequent Coutse — The extensive wound left by the operation, though free from 
infection, healed slowly The edges of the wound gave way at the end of one week, leaving 
an unhealthy, granular surface which bled at the slightest provocation On one oc- 
casion, it became necessary to appl> a gauze pack soaked in spirits of turpentine in order 
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to control the persistent ooze from the granulations Repeated attacks of intermittent 
fever, without visceral complications, occurred during the convalescence, which were 
apparently controlled by quinine, despite the absence of plasmodia from the blood These 
attacks prolonged the convalescence until the end of May, 1936, when the wound spon- 
taneousl}" assumed a healthier aspect and began to heal rapidl> While the wound was 
still being dressed, the patient returned to his home, June 12, 1936 

Roentgcnofhc) apy — After the patient returned to St Louis, in June, 1936, his wound 
healed progressive^^ and b}^ the middle of July, 1936, he was entirel}’' well and had returned 
to his usual occupation As planned before his departure from New Orleans, he was 
given a course of roentgenotherapy, at Barnes Hospital, under the direction of Drs 
J J Singer and S Moore The radiations were applied for the double purpose of (i) 
Preventing, if possible, a recurrence of the angioma in the excised area, and (2) 
controlling and obliterating the angiomatous patch below the right breast, which had 
remained untouched, except for the injection of thorotrast given for diagnostic purposes, 
March 26, 1936 

The radiations were applied, successfully, to three well-defined areas (mammary Ai, 
axillary A2, and subscapular A3) in accordance with the following formula 
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A light erj'thema reaction followed this application Nothing further was done until 
August, 1937, when, on a visit to New Orleans, another series of radiations were applied 
at the Touro Infirmary for three successive days (250 R each, 750 in all) and were con- 
centrated on the circular submammary patch (which had never been operated upon) in 
accordance with the following formula 
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A very slight erythema followed this application The patient continued to do so 
well, physically, that he married, October i, 1937 (17 months after the excision of the 
axillary angioma), and on October 29, 1939, his first child, “a fine, lusty, baby girl,” was 
born without any apparent physical defects He had been m good health and active 
during the nearly four years that followed the extirpation of the axillary metastases He 
had suffered only from a very transitory attack of lumbar pain which was diagnosed renal 
colic, without demonstrable calculi 

At my request, the patient has had himself examined by his family physician (Dr 
H D Spector), who is familiar with his history and who reported, November 30, 1939 
that the patient was in excellent general condition, active and working very satisfac- 
torily at his business (furniture store) , well-nourished, weighing 145 pounds— a little 
overweight, pulse 80-90, regular, blood pressure 120/80, temperature normal, and the 
laboratory tests for blood and urine revealed no abnormalities Physical examination of 
the chest re\ealed some moisture (mucous rales’) at the right base, with no clinical 
sjmptoms, however There was some tenderness and induration of the chest wall at the 
site of the old submammarj angioma, ^\he^e the thorotrast had been injected four jears 
previously Apart from this, there \\ere no pulsations, thrills or murmurs to indicate a 
persistence or recurrence of the angioma in the chest waW Physical examination of 
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the chest and abdomen failed to reveal an> demonstrable tumors or metastatic deposits 
>- The photograph of the patient (Fig 21), December i, 1939, confirmed the report 
of his good health The teleradiograph of the heart and chest (Fig 22) shows a slight in- 
crease in the oblique longitudinal axis (nglit auricle to apex) as compared with the last 
ladiograph (Fig 16) 

The notable fact in this patient's cardiac history is that the heart has never enlarged 
to the gieat size it attained in 1925, before the disarticulation of the arm with the angioma 
(Fig 3), or before the excision of the sccondar} axillary angioma, in 1936 (Fig 9*) 



Fig 21 — C C, nte 3=; December i 1039 ?^otL conj,cnitTl '’li 
sence of ill Inir in rn^lil b ilf of cliLst 

Discussion — The hemangiomata have been classified fiom the viewpoint 
of the metastasizing tumois of this class, into the following gioups 

(1) Definitely malignant metastasizing hemangiomata (hemangio-enclo- 
thehomata, angiosai comata, etc ) in vhich the secondaiy giowths are also, 
histologicall)'-, malignant Numeiotis illustiations of this gioup aie quoted 
by Sonntag,’’' Wiight,® Robinson and Castleman,” Geschicktei and Keasbey,^*’ 
Matas,^^ and otheis 

(2) Metastasizing hemangiomata, m which the piimaiy and secondaiy 
tumois aie seemingly, histologicall)'', benign, the malignancy being lecognized 
clinically, chiefly by the metastatic featuies, oiiginally a veiy lare piacticallv 
unknown gioup, but now forming a glowing list since the fiist cases were 

*For more details regarding the remarkable caidiologic features in this patient’s 
case, see paper by Dr B R Henmgei and the author ® 
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lepoitecl by Homans^- Booimaiin,^^ Shennan,'''^ Ewing,’''’ Sonntag^^ and, 
latei, b} Robinson and Castleman,’’ Livingston and Kleinpeiei,’® Waid and 
Jones,’’’ Hall.-o Abiams, el a/-’ 

(3) Multiple (noninetastatic) benign hemangiomata appealing contempo- 
laneoiisl} o^el the bod}^ but paiticulaily m the abdominal visceial organs 
(livei. spleen, cic ) (Sonntag,-- Wollstein,-^ Tayloi and Mooie,^'’ Matas,-*’ 
Jafife,-*’ and othcis) 



Fig 22 — TeleroentgenogrTm of hcTrt nnd noita — four \eais after extii 
pation of axillary angioma The clotted outline of circle on the right of heait 
shadow indicates the seat of the inactne secondary submammary angioma 
which still retains thorotiast injected four ^ears picMously 

In the case heie leported, we have piesented a histologically benign 
hemangioma of the aim which continued to glow fiom biith, as an arteiio- 
venous caveinoma fiom the hand to the axilla, foi 21 yeais, iMthout any ap- 
paient metastasis duimg that period At the age of 21, the aim was amputated 
at the shoulder, the patient lecovenng and lemammg entiiely well foi ii 
yeais Then two secondary angiomata, of the same histologic type, made then 
appearance, one in the light axilla, m and about the scar left by the disaiticula- 
tion, and the other at a distance m the chest wall, 111 the light submammary 
region Clinically and histologically, the two secondaiy giowths weie identical 
with the piimary giowth as pulsating ai teriovenous erectile cavernomata 
The danger of hemoiihage fiom lupture of one of the caverns compelled 
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the cxtiipalion of the laigei axillary giowth The othei, smaller, less active, 
hut cleepci in the chest wall, was allowed to remain unmolested, except for 
two ladiations (loentgcnothciapy) within a year after the extirpation of the 
majoi gionth 1 hus fai, to the date of this lepoit (December 17, 1939), four 
ycais have elapsed since the major (axillaiy) growth was excised, and the 
jiaticnt has lemained well, robust and active, without any signs of recuirence 
or metastascs elsewhere m the body, while the smaller, isolated submammary 
giowth has lost its pulsating cbaiacter and is undei going atrophic and ob- 
litciatne changes 

In \icw of these facts, the question aiiscs whethei these secondarj'’ growths 
aic I call} metastascs in the tine migiatoiy sense of malignant neoplasms 
01 caused by the taidy 01 postponed development of abeirant, ectopic endo- 
thelial cell nests which ultimately develop and come to the surface, as distinct 
tuniois The old question, “What is it that makes a seemingly typical ‘his- 
tologically benign angioma,’ occasionally and without known leason, sud- 
denly 01 giadually assume a malignant behavioi. \\bich makes it reproduce 
Itself by metastasis^’’ has nevei been ans^\CIcd 

It IS indeed suipiising, as lemaiked by Shennan long ago, “that despite 
the fact that innumerable endothelial cells, in all stages of development, must 
be carried off in the extremely stiong and rapid cuiient of an aiteiiovenous 
angioma — they aie so rarely metastatic, even though the endothelial cells, 
whcievei they aic earned, still remain bathed 111 then 1101 mal nutritive fluid ’’ 
The inci easing fiequency with which metastasizing angiomata are being 
repoited would suggest that the capacity of a stiucturally benign angioma to 
rcpioducc Itself is not a conclusive ciiteiion of malignancy 

The fact that in this case, metastascs did not occm during the 21 years 
that the angioma flouiished in its most active and aggiessive form, and 
that it was not until il yeais aftei its cxtiipation that they made then ap- 
pearance, IS a challenge to all the theoiies clinically invoked to account for 
the long-delayed ajipeaiance of the secondaiy tumors as metastases, or foi 
then dc novo appeal ance as oiiginal tumois of separate and independent 
oiigm 

Dismissing, as idle, all fuithei theoietic discussions on the nature and 
pathology of these secondaiy metastatic angiomata, we legaicl the mere state- 
ment of facts in this veiy unusual case as worthy of lecoicl, if only as an 
encouiagement to othei s who may be faced wnth a piognostic problem of the 
same initial gravity wdnch has evolved into a Jatei cheerful outlook 

Noxr — While tins aiticle is going through tlie press, Dr Spector writes that, on 
Marcli II, 1940, Air C C was reexainiiied, with special emphasis on eMdence of per- 
sistence or recurrence of angiomatous signs in tlie areas previous!}^ involved m the 
metastases The examination onlj confirmed the patient’s good health and normal ac- 
tivities and complete absence of angiomatous lesions m the chest or elsewhere, as stated 
in the previous report, above quoted The cardiologic tests, including electrocardiograms, 
teleoroentgenograms, etc, show no notable changes since the report of December 17, 
1939 In view of the total suppression of pulsation, thrill and murmurs in the unexcised 
angiomatous area injected with thorotrast (wdnch has remained unabsorbed in the tissues 
since It was first injected, — over four years) and of the systematic roentgenotherapy to 
W'hich the angiomatous area was subsequently subjected— it is a question whether the 
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apparent cure has been obtained by inducing an obliterative vascularitis in the angioma 
thiough the separate or combined effoits of the thorotrast and roentgenotherapy, or by 
some otlici unknown factor 
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CASE OF LARGE FALSE ANEURYSM OF THE RIGHT SUB- 
CLAVIAN ARTERY SUCCESSFULLY TREATED BY A 
MODIFICATION OF THE MATAS OPERATION + 

Willis D Gatcii, M D 

Indivnapous, I\d 

1 ms cAsi: is icpoi tccl because of the method of its treatment, which, I hope, 
may make possildc the cine of some aneuiysms with a blood supply uncon- 
tiollablc by touiniquet oi ligature 

Case Report — R P, uliitc, male, age was admitted to the Indiana Unncrsitv 
Hospitals Fcbriiar\ 28, 1939, for a large ancunsm of the right side of his neck He 
comphined also of weakness, loss of sleep and shortness of breath on slight exertion 

In April, 1921, a 38 caliber bullet had entered the niidhne of Ins neck, two inches 
abo\c the suprasternal notch, and hul lodged in Ins right axilla A small swelling 
appealed at onee ibo\e his right cla\iclc In a week he had reco\ered sufficient!} to 
\isit the ALuo Clinic Since he was there gnen no suggestion on treatment, he 
apparent!} had no aneur\sni at tliat time On his return home, the supraclavicular 
swelling began to pulsate, and six weeks after the injur\ his right axillar} artery was 
ligated rollowmg this his entire right irm and forearm were paral}zed, and reniainecl 
so for about se\en months, when a partial reco\er} began 

During the next 17 }ears he complained of shortness of breath, which made him 
unable to walk more than two or three blocks without resting During this time the 
lump abo\c lus right claMcle did not hothci him or change in size 

In Jul}, 193S, he had a severe attack of heart failure attended bv seven weeks of 
orthopnea and cough In Octobei 1938, he had bilateral pneumonia and developed a 
marked edema of lus entire bodv Diirmg this illness late m October 1938, after severe 
coughing, the jnilsating swelling appeared, and reached, almost overnight, the size seen 
on admission I he mass had not increased greativ in size during the four months since 
its appearance 'J he remainder of the histor} is irrelevant 

Physical Lxaminaiwn — The patient was povverfullv built and well nourished The 
right pupil was contracted and the light palpebral fissuie narrowed The veins of the 
right arm and light side of head and neck were not dilated There was marked atroph} 
and weakness of the right arm and forearm 

Dr George Bond, aftei an examination of the cardiovascular sv^stein, leported 
considerable enlargement of the heart, hv'pei tension and mild cardiac decompensation 
He found the blood pressure m the left arm to be 165/110 and in the right arm 120/110 
The usual laboratoi} examinations showed nothing abnormr^ All tests for svphihs 
were negative The aneur}sm was the size of a laige giapefiuit (Fig i), and pushed 
the paticnt^s head to the left It extended fiom the midhne in ^ront to the anterior edge 
of the tiapczius muscle It overhung the inner half of the clavacle and the right 
sternoclaviculai joint, and extended upward almost to the jaw It displaced the trachea 
about tvv^o inches to the left (Fig 2) The skin ov^er it was black and shining and 
seemed m imminent danger of rupture at each vaolent expansion of the mass The 
antci o-infei 101 poition of the aneur}sni was firm to the touch, the other poitions, resilient 
No thrill was felt except along a line extending from the suprasternal notch along the 
internal surface of the aneurysm We ascribed this finding to compression of the common 

^ Read before the Fifty-second Annual Alceting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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carotid .utcr\ A ^or} loud s}Stolic bunt was hcaid ovei the entire swelling 
Roentgenologic examination showed that the ancuusin did not extend below^ the fiist rib 
The ioregoing data seemed to wairant the following conclusions 

(1) Ihe aneur\sni arose lioni cithei the fiist or second duisions of the subclavian 
artcr\, possibh fiom both 

(2) Ligation of the first poition of the subclaMan artery or of its branches \vould 
be pciilous or impossible, beeausc of the location of the aneurism and its long duration 
Ligation ot the innominate arten would, at best, onh diminish the blood entering the 
ancur\ sm 

( 3 ) Thcie was but one opening into the aneurism and this was probably large 
No act ol a singciMi is considered moie foolhauh than to cut into a live aneurysm, 

but I decided to do U because I had no other choice The opciation w^as planned as 
follows (i) Consinction of the innominate aitcr\ (2) wide incision of the aneurism, 
and digital occlusion of its opining into the subcla\ian aitcu , (3) intrasaccular closure 
ol the opunng, prepiration for massuc blood tiansfusion 

I am \cr\ giatelul to Di lohn Owen for his able assistance m the operation 
Opiraitofi — March 7, I0S9 Fiiteen huiuhel cubic centimeters of blood was obtained 
from three donors and jireparations wcie made for its immediate injection when needed, 
b\ wa\ ot a \ein in the nglit leu Lnder ether anestlicsia the incision was started 
o\er the anterior edge of the left stei noLludomastoid musele, thiee inches from the 
sternum and extended downward o\ei the kit sternoclaMcular joint, thence diagonall} 
across the bod\ of the manubrium uul downward a short distance along its right border 
The lett sternoclaMeulai joint was excised The manubrium was longeuied away 
from abo\e downwaid and from lell to right until a good-si^cd opening was obtained 
The ribbon muscles were dnidcd The innominate artcr^, the diameter of an index 
finger of a\eragc si7e, was irecd and a ligature passed around it on an aneurism needle 
The assistant now eonstiicted the aiter\ b\ pinching the hgatuie with the thumb and 
index finger ol his left hand J his stopjied pulsation of the aneuusm, but did not 
diminish its size or tenseness 

A second incision about four inches long was now made o\ci the most prominent 
portion of the ancur\Mn ind paiallel to the claMcle The assistant instanth thiust his 
right hand into the aiKurNsm through the escaping blood and plugged the opening in 
the subcla\ian artci\ with his fingei The opening was about one and one-half inches 
long and a little less than lialf an inch wide It was situated just above the innei end 
of the claMclc 1 remo\cd some adhcient masses of clot and examined the walls of 
the ancur\sm Ihe edges ot the opening weie thin and the bottom of the sac for a 
considerable distance around the opening was of cartilaginous hardness It w^as evident 
that the opening could not be closed b\ suture and that ligation of the artery through 
the sac wall could not be accomplished 

After a period of anxious thought, I decided that the only possible wa}’- to close 
the opening was to plug it with a piece of the sac wall This I did as follows First, I 
separated the sac fiom the skin and subcutaneous tissues as far as w^as easily possible 
Since the peripheral half of the sac was necrotic, I cut it away By sharp dissection I 
next freed the lateial and mfenoi portion of the sac, w^hcie theie w^as no danger of 
injur> to important structures, down to the upper boidci of the clavicle I next fashioned 
a flap from this portion of the ancur\smal wxall, as showm m Figure 3-1 The base 
or hinge of this flap w^as located at the upper border of the clavicle The flap w^as 
about three and one-half inches long It consisted, of com sc, of condensed connective 
tissue and was a little less than a quarter of an inch thick 

I now placed three sutures across the finger of my assistant as follow^s With a 
short, full curved needle I took a good bite of the sac as close to the opening as 5 
possible, then a like bite on the other side One suture w^as so placed at each end of 
the opening, and one at the middle (Fig 3*‘i) I now^ passed a hemostat beneath the 
central portions of these sutuies, seized the apex of the flap (Fig 3-2) and pulled 
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Tic 2 — Roentgenotrinis showing dispHcoment of tnchei to the left The aneurjsm does not 

extend below the first nb 
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It o\ct the obstructing fingci, which was tlieii wnthdrawn There w'as a quick gush 
of blood whicli was stopped bj packing the flap into the opening wdiere it w'as held bj' 
t\ing the sutuies o\ci it llic flap was fuithci secured by a number of intenupted 
sutuics which fastened its edges to the adjoining w'all of the sac We now' freed the 
reinaindcr of the distal pait of the sac fioin the suiiounding tissues, taking care not 
to fiee Its base where impoitant structures might be injured The freed portions were 
now tiimnied .ind cut so that thc^ could be firmly imbricated b\ sutures over the flap 

(Fig 3-3) 

The ligature was now rcmo\ed fiom the innominate aiterv, and the w'ounds closed 
without drainage (Fig 3-4) The dressing was strapped firmly over the site of the 
ancur\ sin 

While the wounds wcie being closed the patient was gi\cn 600 cc of blood His 
pulse rate at the beginning of the operation was 96 and his blood pressure 170/110, at 
the close, his pulse was 92, and his blood pressure ii8'6o The loss of blood, except for 
that in the aneurism was not great 

PoKlflpiiatiz'C Com zc — Coinalesccnce W’as satisfactory The dressing was fiist 
changed on the ninth da\, at whieli tune piimaii healing had occurred No bruit could 
be heard at the site of the aneiiri sm 

On the twelfth da\ after operation shoith after getting out of bed for the first time, 
the patient had seiere jirecordial pain and shortness of breath His blood pressure at the 
onset ot this attack was 130 95, but in thice hours it had fallen to 85/50 His condition 
ga\e us niueh anxicti for scieral davs Di George Bond, who attended him at this time, 
made a diagnosis of acute nnocardial failure Reco\er} was fairly rapid, but w'e en- 
forced bed rest until dismissal A-jiril 15, 1939 

Subsequent Couise — The patient was recenth examined He is now', eight months 
after operation, up and about constantlj and super\ ises a small business It is astounding 
that there is not the least swelling 01 induration at the site of the aneunsm (Fig 4), nor 
an\ thrill or bruit He has gained 40 jiounds His blood pressure is now' 210/120 The 
Horner s\ndromc has disappeared The condition of the right arm is as before operation 

Discussion — I can find no instance of the tieatment of an aneuiysm by 
the method emplo}ed m this case ^IcNealy and Shapiio^ lepoit the use of 
jiedicled tiansplants of muscle w'lthin the sacs of tw'O aneuiysms, one of the 
thud pait of the subclavian, and one of the femoial In both cases, how- 
e\ei, the tiansplants weie not inseited until aftei contiol of the blood supply 
by pioximal and distal ligation These wiiteis lepoit some inteiesting expeii- 
ments on the effects of loosel} mseited pedicled muscle tiansplants within 
aiteiies They found “that the intialuminal pait of the muscle giaft atiophied 
Aftei one 01 two weeks it had disappeaied, but as it shiunk it w'as leplaced by 
a seveie obliteiatmg endaiteiitis No tiace of intialuminal muscle 01 clot w'as 
found aftei thiee montbs, but only an intimal cushion w'hich completely, 01 
almost completel}, occluded the lumen and left only an occasional naiiow', 
limited channel along the opposite w'all The segment of aiteiy involved w'as 
reduced aftei six months to a fibrotic coid w'lth the muscle giaft still attached 
to its W'all ” 

Reid- has done the only expenmental w'Oik I can find on complete occlu- 
sion of aiteiies w'lth fascial plugs He states “When balls of fascia aie intio- 
duced into the lumen of an aitery and anchored by a sutuie of silk, complete 
occlusion may be accomplished without much damage to the aiteiial w'all save 
for some atiophy at the site of the plug This plug pioduces complete occlu- 
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Sion and at its point of contact "with the blood stieam it becomes coveiea with 
Ultima” He also slates that “the fascial plugs lemain as viable tissue and 
do not become substituted b} fibious tissue, that ubeie the fascial plugs come 
in contact uitb the blood stieam tbe\ become coveied by intima For such a 
method of occlusion theie uould seem no piactical demand ” He believes that 
the oiganization of thiombi in the legion of the plug comes chiefly fiom the 
media and adAcntitia lathei than fiom the intima 

I uas gieatly impicsscd b} the success in the case I have lepoited, of ob- 
tuiation of the aiten A lice plug of sac wall would probably have done just 
as ucll as a flap It is unlikeh that the distal pait of the flap received any 
nounshmenl fiom its own blood ^essels The piotocols of the experiments 
of ^IcNeal) and Shapiio coinince me that this was tiue of the cii dilation in 
then muscle tiansplants 

False aneuiysm of the suhclaMan aitei} is laie because wounds of this 
vessel are liable to be immediatel} fatal Lee, Mitchell and Peacock^ could 
find onh 129 iccoidcd cases 111 the 172 }eais ending in 1934 False aneurysm 
ol the fiist and second poitions ot the \essel is extiemely laie and its opeia- 
tive cuie IS legaided b} all wiiteis on this subject as alwa}s difficult and often 
impossible I hope the method I ha^e desciibed may have at least a limited 
field of usefulness in the cuie of these false aneuiysms situated above wdiat 
Halsted has called ‘ the domain of the touiniquet ” It involves, of couise, fiee 
incision of the aneunsmal sac befoie its blood supply has been conti oiled, 
but b} use of the plug of sac wall it piovides a lead} and easily applied method 
of conti oiling the hemoiihage The opeiation lepoited could piobably have 
been accomplished without pieliminaiy constiiction of the innominate aiteiy, 
but this certainly added to its safet} 

The method would seem w^ell suited foi the cuie of false aneuiysms of long 
standing It can be most easily peifoimed wdien ligation and excision aie 
most difficult It should ceitainly not be tiled until aftei the aneuiysm has 
been piesent foi two 01 thiee months, that is, until the false sac has become 
fully developed This is no disadvantage, howevei, because it is generally 
recognized that opeiation befoie the foimation of the false sac is very danger- 
ous The method has all the advantages of ordinal y endo-aneurysmoiihaphy 
and gives extiaoidmaiily film and secuie closuie of the arterial wmund Theie 
IS no leasoii to believe that it is any moie likely to cause embolism than is 
ligation 
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Discussion Dk Baunuy IBkooks (N<ishville, Tenn ) It would be too 
bad if (be luesenlaliou of these two jiapeis weie not coupled with at least a 
iccogiulion of an appiecmtion of then meaning I should like first to call at- 
tention to the com age shown by Doctoi Gatch in undci taking the difficult task 
of cuic of the anctiiysni in the ])a(ient he piesented Anyone wdio undei takes 
the opciatne tieatment of laigc aneuiysins so situated that it is impossible to 
obtain complete contiol of tlic blood supply to the sac, is fully awaie of the 
coinage and skill necessaiy to success fiom a bold incision into the tense 
anctn 3 sni sac James S3'nie and othci pioneer suigeons have giaphically 
desciibed expeiieiices befoie the da3s of antiseptic suigeiv, when this method 
was the onl} one which could be emplo3ed m the tieatment of aneui3'sm I 
assume that Doctoi Gatch was unable to expose the common carotid in (he 
neck Ihis w'otild have given him additional contiol of the blood supply to 
the ancui}sm sac 

As to Doctoi Gage’s papei, I wmuld like to point out the fallacy of com- 
paimg gangienc aftci wounds of aiteries m wai to that followmig similai 
wounds m end life Ceitamly, the estimation of the occunencc of gangrene 
in 40 pci cent of cases m which the popliteal aitei}' is occluded is greatly m 
excess of that we have found to follow' obliteiation of this cessel m ordinal) 
civil piactice As a mattei of fact, we have not encounteicd a single instance 
of gangrene following obliteiation of the popliteal artei) from operations foi 
wounds 01 aneiiiysm m this vessel 

I wondei if Doctoi IVlatas consideis the case wdiich he presented as per- 
haps belonging in that gioup of vaiying anomalies constituting von Recklnig- 
liausen s disease I lemcmbci ejuUe well an operation upon a similai case some 
)eais ago m which the patient died from embolism fiom air sucked into the 
veins fiom huge blood spaces opened at the time of operation All of these 
papei s aie of extiaoidmaiy mteiest to those ot us who have been pupils and 
follow eis of Doctoi Matas m the development of suigei)' ol the vasculai 
s) stem 

Dk a W Ali ln (Boston, Mass ) I also wnsh to expiess m3' appiecia- 
tion of (his symposium It has been a gieat pleasuie to listen again to the 
gieat mastei, Di Rudolph Matas, on this mteicstmg subject I wnsh to con- 
giatulate Doctor Gatch on the veiy ingenious mannei m which he so success- 
lullv earned out the opcialion upon his patient 

We do not see, m New' England, manv aneuij'sms of the luetic vaiiety 
and have few' cases of ai tei lovenous fistula Howevci, we have oui shaie of 
aiteiioscleiosis and have had a ntimbei of instances of sudden thiombosis in 
the dilated popliteal artei}' followed by gangiene of the extienntv We have 
seen a few' cases of aiteiioscleiotic jiopliteal aneuiysm that hace come to us 
pi 101 to thiombosis In evei) instance, w'hen these patients have gone on to 
thiombosis, gangiene has developed Theie have been no exceptions m this 
gioup Recently, how'evei W'e had a patient w'lth a popliteal aneuiysm of 
the aiteiioscleiotic vaiiety at a time w'hen Doctoi Ochsnei was visiting us 
He told us of the woik Doctoi Gage w'as doing m blocking the sympathetic 
plexus and advised oui tiymg it We did so w'lth novoCam and then w'lth 
alcohol, and w'eie much impiessed w'lth the diminution m size of the dilated 
vessel following the pioceduie The patient w'as dischaiged fiom the hos- 
pital in a few' days and, tw'O w'ceks latei, became aw'are of the fact that the 
pulsation behind his knee was gone ^Ve w'eie gieatly inteiested to know' 
w'hat W'as going to happen to him We expected that he w'ould develop gan- 
giene He had had a good deal of inteimittent claudication He did not de- 
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\ clop gaiigi ene but he continued to have about the same amount of claudication 
as pi 101 to the thiomhosis 1 am convinced that the sympathetic block kept 
him fiom losing that e\tiemit\ Foi this leason it is appaient to us that 
Doctoi Oagc has made a Aaluahle contiihution He deseives a good deal of 
Cl edit loi calling lo oui attention the beneficial eftect of sympathetic block 
in such cases 

Dr J H M \sox (Biimmgham Ala ) In listening to these lemaikahle 
and inteicstmg papeis, one scaiceh knows wheie to begin a discussion, as theie 
aic so mail} imiioitant leatuies connected with each lepoited case 

In the patient ol Doctoi Cjatch. the imjioitant thing is that he w^as able to 
contiol the mam aitciial blood supph hefoie opening the aneui}smal sac 

I haie found that the following steps, h} no means oiigmal wuth me, but 
cmploied succcssfull} in dealing with aneuivsms and ai tei lovenous aneuiysms 
of the suhclaMan-axillan lessels, gne adequate exposuie foi any opeiative 
attack upon the cessels of this legion distal to the anteiioi scalene muscle 

(1) Skin incision Beginning at uppei lioidei of the th}ioid caitilage o\ei 
the outci hoi del of stei nomastoid muscle, down to its claviculai attachment 
acioss the upjiei suiface of the claMcle to its outei thud thence dowuuvard 
and outwaid to the axillai} hoidei 

(2) Dissection and leti action of skin flaps, leti action mwaid of sterno- 
mastoid to expose the scalenus anticus , leti action of this muscle to peimit 
access to suhckuian aiteiy as it cmeiges fiom behind the muscle 

(3) DiMsion of the chiMcle , duision ol the claMculai attachment of the 
pectoialis majoi. of the suhckiMus muscle, and of the tendon of the pectoialis 
minoi 

(4) Reti action of the divided cla\icle to peimit access lo the subclavian 
\ein as it ciosses in fiont ol the scalenus anticus and passes beneath the 
cla\ icle 

(5) Reconsti uclion of the wound in piopei anatomic planes, aftei the 
\asculai lesion has been dealt with 

It ma} he well to call attention to ceitam points concerning opeiations 
upon vasculai injuiies 01 disease m this legion 

The suhclaxian \em should he occluded pioximally hefoie any opening is 
made into this \essel Failuie to do this has lesulted in fatal an embolism, 
as reported in Makin s senes 

The suhclaMan aiten should he occluded pioximally hefoie fieeing the 
clavicle fiom an aneui}smal tumoi The clavicle has sometimes been found 
so eroded that it foi ms pait ol the sac w'all, and m sepaiating it, the aneuiysm 
may he opened with disastious lesults 

The treatment of the divided clavicle has been the subject of some discus- 
sion It is claimed that no material disability follow’’s its lemoval, and in the 
one case in my senes wdieie the antenoi half w^as lemoved, the function of the 
shoulder and uppei extiemity w^as not impaiied In leviewing a senes of 19 
cases, the disposition of the clavicle w^as not noted in thiee instances, it w^as 
wared thiee times, and lemoved, wdiolly 01 in pait, 111 eight instances I have 
removed the mnei half in one instance, and have waied the divided hone m 
three cases 

Undoubtedly, the pi esence of a compound fi actui e of the clavicle pi oti acts 
the convalescence, and, in the case of infection, the period of lecoveiy may be 
much delayed 

Dr Joseph A Danna (New^ Oilcans, La) We sometimes make an 
incision into an aneuiysm wathout knowang w^e aie dealing wath one In such 
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an event, if you put youi fingei in the incision you have made, at the same 
time that you contiol the external flow of blood, you can feel the blood spmt- 
ing in thiough the main opening and cii dilating in the sac By appl3'ing the 
fingei to the easil) jialjiatcd aneurysmal opening, the blood flow is stopped 
and the aneuiysm nia}' be iippcd open and its openings sutuied I have 
done this on two occasions Jn some cases theie may be a second oi third 
vessel opening into the caMty In that case put }oui fingei in one, have 
30111 assistant jnit his hngei in the othei, and 3'ou can go on with 3'oui w'oik 

Dr J L CAMPirnLL (Atlanta, Ga ) Vasculai suigei3' is a field in wdiich 
we owe much to Doctoi Matas lie has been the leal pioneci and his work 
has inspii ed all of us w ho have come in contact w ith patients having lesions 
of the blood vessels 

Pi 101 to 1930, w'hen I had chaige of the Suigical Depaitment of the £111013 
Gnlvclslt^ division of Grad3' Hospital, I saw many iiiteiestmg aneuiysms 
T he most difficult ones to handle aic those of the subclavian and the femoral 
in Seal pa's tiianglc 

Doctoi Gatch is to be congiatulated on the successful outcome of his case 
If we leinove the whole clavicle, or at least the iiinei two-thirds of it, the ap- 
pioach to the vessels is much easiei 1 hen we aic able to expose them moie 
easil3, both pioximal and distal to the anastomosis A Dakin tube can be 
passed aiound them and clamped without dangei of injui}^ While this will 
not alwa3's insure a di3' field, it will enable us to deteimmc whethei we wish 
to attempt a lestoration or simpl3' peifoiin a cjuadiuplc ligation and lesection 
Quadruple ligation without lesection will not msuie a cuie Resection of the 
vein and aitei3' between quadiuple ligatuies iaiel3f causes an3 trouble, foi 
the collateial cii dilation is almost invaiiabl3' well established When the 
clavicle has been resected siibpci iosteall3 it w ill cause no inconvenience to the 
patient One of 1113^ patients diove a dia3' ten 3eais aftei his clavicle w'as 
iemo\ed I doubt if lie cvei missed it 01 he ma3' nevei have known that it 
had been lemoved I have icsectcd 01 lemoecd the clavicle in ten 01 moie 
patients without an3' functional incoineniencc 

We should always try to lestoie the continuit3'^ of the vessel in fistulae of 
the common caiotids and mteinal jugulai vein Of couise, the collateral cn- 
culation can be stimulated by dailv piesstiie on the vessels at the point of 
anastomosis and, wdien all indications of ceiebial anemia have disappeaied, 
the vessels can be resected , but wdien the lumen of both has been lestoied you 
can feel much moie comfoi table This is the most favoiable location for a 
lestoiative pioccduic because theie aie no blanches to be encounteied 01 con- 
ti oiled, simply expose the aiteiy and vein above and below the fistula, pass 
the Dakin tubes aiound tbem and clamii Then sepaiate the vessels and 
sutuie the opening In 1113'^ earl3'- cases 1 placed a stiip of muscle ovei the 
sutuie line, then ovei that a band of fascia In m3 latei cases I only placed 
a stiip of muscle betw'een the vessels and closed the sheaths 

Repaii of an aiteiiovenous fistula in Scarpa s tiianglc gives more tiouble 
than in any othei location In thiee cases I felt stiie the fistula wds between 
the femoial vein and aiteiy hut aftei a fuithei seaich I found it about i cm 
fiom the femoial in the piofunda Theie is no debate in one’s mind about 
the pioceduie to take in these, foi it is eas3'^ to peifoim a quadiuple ligation 
and divide the vessels at the fistula If the vessels aie not divided and the sac 
lemoved (if theie is one), the 25citicnt wall not be cuied 

Dr Mims Gage (New Oilcans, La, in closing) I wash to thank both 
Doctoi Biooks and Doctoi Allen foi then kind discussion I am veiy glad 
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that Doctoi Allen has had success in developing the collateial ciiculation m 
his cases ol penphcial aiieuiysnis by blocking the syinpathetics I think that 
Doctoi Biooks niisnndci stood my icniaiks in icgaid to the high incidence of 
ischemic gangiene m \\ai wounds of the fcmoial and popliteal aiteiies It 
was 111} pin pose to denionstiate that the mheient qualities of all aiieuiysms 
aicto dciclop collateial ciicnkition, wheicas the sudden occlusion of a noimal 
peiqiheial aitci} niiokes <i high incidence of ischemic neciosis I think that 
Tuflici icpoitcd an incidence ot 66 jici cent gangiene m 24 ligations of the 
popliteal aitci} 111 contiast to Matas 52 pci cent of gangiene following 154 
pcisonal opciations toi popliteal aneunsins. cleaily demonstiating the dif- 
tci dices that exist between noimal jieiipbeial vessels and those diseased wuth 
ancui}sms Anothei tipical example is the high incidence of gangiene that 
occuis following penphcial aitci lal embolism 1 believe both the above com- 
paiatuc patuies delmiteh indicate that lelease ol lasospasm of both the 
maiji aiteiial tiee as well ,is the collateials is of foicmost impoitance befoie 
ligation of the jieiiphcial aiteiies m the ticatment ol aneui}sms is iindei taken 

Dk Ri noLi’ii M \T \s ( Xew Oilcans, La) Theie is such a wealth of 
infoimation in Doctoi G.igt s and Doctoi (jatch s papeis and so much that is 
new and infoimatne m the discussions that followed, that it seems to me w^e 
could spend the entne cwening inofitabh In going ovei the gioiind they have 
coicied I feel that the Chan man has been so indulgent and the members wdio 
haie spoken ha\c been so gencioiis m then piaise of my impietentioiis wmik 
that it would be best that 1 sboiild onh thank them — wdnch I do veiy sm- 
ccieh — and sa\ no moic I would, boweiei, like to avail myself of this oppoi- 
tunit} to expicss my heaitfelt giatitude to main ol ni} foimei pupils, heie and 
elsewhcie whose knalt} <ind geneious ]iiaisc touch me deeply Aftei heal- 
ing Doctoi (lages tiequent and fl.itteimg reteiences to my casciilar hobbies, 
}oii should not be suipiised it I blew up witb \anity 

Doctoi Gatcb s ojieiation was such a biilliant peiloimance that it deseives 
0111 wannest congiatiilations Those who aic not immeised in this kind of 
suigei} can scaiceh icali/e the gicat tension, the anxious moments, and 
the w 01 1 les that <11 e nn oh ed m these deep-neck pei foi mances Doctoi Catch’s 
operation is I belieie uni(|ne m iitih/mg a flap fiom the sac to close the chief 
oiifice of aitci lal siqipl} The whole conduct of the case shows gieat ability 
to think quick!} and act successful!}, on the spot, m a ciitical situation 

Again gentlemen 1 thank }ou all foi }oui kindness to me' 
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MaxMii SI \i joiNS of niajoi hysteiia which simulate surgical lesions are 
numeious and ^\cIl known Such conditions aie not usually accompanied by 
change m the stiuctuie of the pait involved but lathei are manifested by an 
ai)]wicnt loss of function Ilysteiical sei/uies aie usually defense reactions 
and the majoi e\am]des are designed In the individual as a means of pro- 
tection against pioblems of life which he feels unable to successfully combat 

Edema m localized aieas of the body may be the result of a number of 
factois Among these is cenous congestion (LoelE) When such congestion 
IS due to inci cased venous j)iessure. theic is dilatation of venules and capil- 
laiies fiom this inci cased picssuie and an inci cased exudation of fluid into the 
tissue sjiaces As fluid met cases m the tissues the picssuie heie is inci eased 
and thcie aic also changes in the osmotic tensions of both inorganic salts and 
piotcms, so that a jioiiit may be i cached wheie exudation will cease wdicn the 
tissue picssuie equals oi exceeds the combination of osmotic and vessel pies- 
suie (Voumans ct al~) 

hen thcic is intei feicncc of outflow of fluid fiom the tissues thiough 
both the venous and l}mphatic channels this iiici cased tissue piessuie lesults 
Voumans’’ has shown that theie is a niaiked mciease in the circulating time 
of the blood in the leg on quiet standing He has also dcmonstiated a con- 
sideiable mciease in leg volume aftci quiet standing The speed of blood 
flow is inci cased by motion and mciease in volume does not occui He be- 
lieves that much moie fluid is actualH passed fiom the capillaiies into the tissue 
sjiaces duiing this peiiod, but it is lemoved b}’- the impioved venous and 
lymphatic letuin^ cii dilation The amount of blood passing through the 
small vessels is also mci eased by the impioved letuin and this piomotes in- 
ci cased exudation of fluid 

Wells, Voumans and MilleH have found inci eased tissue piessuie in 
vai ions pai ts of the leg aftei pei lods of quiet standing and have found that 
matked inci eases occui m muscles wdnch aie covered by stout fascia, such 
as the anteiioi tibial gioup, a much smallei mciease is piesent in the gas- 
tiocncmius wdnch has a thin fascia, and only a slight mciease is found in 
the subcutaneous tissue Landis and Gibbon, Ji demonstiated edema in 
the foiearm fiom congestion pioduced by a pneumatic cuff on the aim and 
measuted by a “piessuie pleth)'smogiaph’’ on the foreaim This apparatus 
eliminated measuiement of the mciease in foieaim volume due to increased 
blood m the veins Dining the fiist pait of the expeiiment the venous con- 
gestion accounted foi the majoi poition of the increased v olume, but after 

-I Read before the Fifti -seeond Annual Meeting of the Southern Surgical Association, 
Augusta Ga December s, 6, 7, 1939 
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30 iiiinules the congeslion did not inciease, so that latei inciease in volume 
Mas due to inci eased (luid in the tissues They found that the filtration 
late inci eased uith inci easing ^enous piessuie, and uith a constant venous 
piessuie the latc declined with inciease of tissue piessuie 

i\Ian\ cases of Insteiical ])aiahsis have been lepoited but in most of 
these cases the lowei cxticmities aic iinolved following an injuiy to the 
back Paikei*’ lepoitcd a case of Insteiical paial}sis ol the aim in a 3^oung 



Tig I — C'lsc i Condition of nrm on 'idmission to hos 

I>it d 


woman Theie w^as no ciiculatoiy distuihance 111 this case because the posi- 
tion of the foreaim w'as eithei held at a light angle to the aim by bandage 01 
the position w^as fi ccpientl) changed 

A seaich of the liteiatuie (admittedly not complete) of the last 20 yeais 
fails to find a lepoit of edema of the foieaim and hand pioduced by the im- 
mobile dependent position of the extiemity as a lesult of hysteiia 01 mahngei- 
mg The three cases lepoited heiewnth demonstiate this condition and the 
thiee expel iments confiim the clinical impiessions 
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Case I— A 1 , female, ige h, ^as aciniitled to Sheltering Amis Hospital, May 2, 
19^1, complainnig* of painful swelling of the left hand and forearm She stated that 
eight nionllis before she had cut a finger on a ring and that the swelling began around 
this laceration and extended o\cr the hand and forearm fPig i) She had been under 
the eirc of i number of plnsicians, tlie ticatnient had been varied and included three 
incisions into the hand None of these openings discharged pus The swelling has 
continued without relief She claims complete inabihl\ to mo\e the hand and wrist 
IIci past ])eisonil histon was unessential 

PItyucal IZxamimium — he patient was well de\eIopcd and well nourished No 

abnornnlit\ w is found except tlie swelling of the left hand and forearm, which were 

greath inci eased in size pitted on jiressure, ind the skin, particuIarK on the dorsum 
of the hand, appeared thin, red, and hot The picture suggested acute inflammation 
J he blood count and uranahsis were normal Roentgenologic examination of the bones 
of the hand and foiearm failed to re\eal an\ lesion 

Ineisions of the hind was being scriousK considered when one of im colleagues 
(Dr G Paul LaRoque) suggested that the edema might result from the position and 
immobilit\ of the part In order to test this thcor> the patient was kept in bed with 
the hand ele\ated and fixed In about 12 hours tlie edema had compleleh subsided and 

the hand appealed normal She was then allowed to be up and in a short while the 

whole picture reeuried It was obser\ed that she held the arm immobile m a dependent 
position and it night held it downward o\ei the side of the bed 

A more careful search w*as then made into her famih histor} and it was ascertained 
that her mothei had died when slic was a small child Her fither had married again 
and there weie several children In this second mariiage Her stepmothci had always 
been kind and affectionate to the point of grcatei mdulgenee than to her own children, 
but this cliild had not been happ\ Ps^chIatrlc consultants were positne in the diagnosis 
of major lijstcria She was kept undei obsenation and treatment m the hospital for a 
number of weeks until she was entireh cured Except for a few minoi recurrences she 
has had no further (loiible She is now mained, has children of lier own, and is leading 
a normal life 

Case 2 — C F, white, male, age 40 was admitted to the Church Home and In- 
fiiniai^, BaUinioie, Md on tlie ser\ice of Dr \\ iHiam F Rienhoff, Jr, April 15, 1935 
The left hand and forcaim were greatl) swollen, red and tender (Fig 2) This con- 
dition had existed during the preMOus 18 months He had had a similar illness se\eral 
\cars previoush, until he w^as cuied b\ a medicine man of the Hopi Indians in Arizona 
During the preceding few months he had been studied in clinics m otlier cities where a 
variety of diagnoses were made and a number of suigical proceduies adMsed, including 
amputation of the arm There was a hlstor^ of an excellent background for h>stem 
The arm and forearm were first held de\ated in a plaster encasement and later b^ sus- 
pension The edema graduall} subsided entirely but the small joints of tlie fingers w^ere 
permanent^ damaged by the long-standing nnmoblht^ (Fig 3) He was kept in tlie hos- 
pital for a number of w^ceks and wais finalh peisuadcd that his dlsabIht^ had been entireh 
functional At present there is no edema, but the mobility of the fingers has not been 
restored (Fig 5) 

Case 3 — This case is reported because it so closeh resembles the others, but it 
has not been so adequately proved The patient, an eldeih Chinese beggar,"was admitted 
to the Ellen Lavine Giahani Hospital, in China, on the seivice of Dr John H Reed, Jr, 
complaining of sw^ellmg of the left hand and foreaim wdiich he stated follow^cd a minor 
scratch of the skin many months pievioush 
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Jlic ‘■wcIlitiR- mure isc(i (lit si/t ot (lie parts to at least twite tint of the opposite 
sidt (Fir Ihtic wtit stitial clean, shallow' areas of nlttration on the hand, but 

no t\i(ltntt of nrntc inftction Se\cr,il linear incisions were inaclt over the forearm 
and fiiiRcis, from which i thin, clear fluid was discharged Aftei a short period m the 
hosintal, tht swelliiiR ilniost conipkteh subsided, there was no discharge of pus 



I 1 C 4 3 Condition of nrm on ndnii^sion to 

ho'ipit'il 


Slmmauv — Tw'o of these individuals wcie of the “ncuiotic” type with 
good hackgioiinds foi hysteiical manifestations The third, a bcggai, was 
a mahngcici wlio used the self-]ii oduced dcfornnt} as an asset m his tiade 
It IS inteicsting to note tliat the left hand was involved m all thiee Then 
ages difleicd wndcl) , tw'O weie males and one a female All lecoveied with- 
out icsidual sw'elling, hut the small joints of the hand in Case 2 w^ere so dam- 
aged by the long-standing immobility that their function has not been lestoied 
Experimental Data — In oidei to measure the changes in the noiinal 
foieaim and hand lesulting fiom the immobile, dependent position the follow- 
ing obseivations weie made on each of three subjects Measurements of diam- 
eteis at fixed levels w'ere made with cahpeis Measurements of cncumfeienccs 
were made wuth a tape Measuiements of volumes of the hand, low'ei foie- 
atm, and uppei foieaim weie made by immeising the pait, to the same levels, 
at inteivals of one-half houi, in a cyhndei of w'atei and detei mining the amount 
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of watci displaced The ici.ulls of these measuiements aie shown in Tables 
I and II 

Tvnia: I 

CHWC.IS IN MI \SIKIMIMS OI 1111 U\M) WO rOROARM RESULTING I ROM DEPENDENT, 
IMMOini 1 POSITION lORlOUR VXD ONE-HALI HOURS 


Second rini^ci 

Palm 

Foreaim 

Di iin- 

Circum- 

Diam- 

Circum- 

Diam- 

Circum- 

ctci 

ference 

ctci 

Iciencc 

etci 

ference 

in Mm 

m Mm 

in Mm 

in Mm 

m Mm 

in Mm 


Case 2 

Bcginnuw 

19 0 

62 5 

30 0 

65 0 

244 

End 

22 0 

71 0 

36 5 

73 5 

247 

Case 3 

Bctiinnim; 

20 8 

68 0 

28 5 

64 0 

230 

End 

24 0 

75 0 

34 8 

73 0 

242 


J Mil E 1 1 

CIl \NGLS IN ^ OI L ML 

Total 

Vol- 




Yoh 


Vol- 


ume 



lu- 

umc 

In- 

ume 

In- 

ot 

In- 

Vol- 

cre a'-c 

of 

cicacc 

of 

crease 

Hand 

crease 

iinic 

m 

Lowci 

m 

Uppci 

in 

and 

in 

of 

Vol- 

Foi c- 

Vol- 

Forc- 

Vol- 

Fore- 

Vol- 

Hand 

ume 

arm 

ume 

aim 

ume 

arm 

ume 

Cc 

Pet 

Cent 

Cc 

Per 

Cent 

Cc 

Pei 

Cent 

Cc 

Per 

Cent 


Case I 








Beginning 447 


494 


928 


1,869 


End 527 

Increase in vol- 


541 


1. 03 1 


2,099 


ume 80 

17 9 

47 

9 5 

103 

II I 

230 

12 3 

Case 2 






Beginning 328 


332 


650 


1,310 


End 388 

Increase in vol- 


337 


708 


1,433 


ume 60 

18 I 

5 

I 5 

58 

89 

123 

9 4 

Case 3 






Beginning 357 


330 


655 


1,342 


End ^25 

Increase m vol- 


323 


719 


1,467 


ume 68 

19 0 

-7 

-2 I 

64 

9 8 

125 

9 3 
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Graph 2 — Case 2 Sliouing percentage of increase in aoUime 

Tlie results were unifoim for the three subjects except the volume of the 
lower forearm which showed a substantial met ease m volume (9 5 per cent) 
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in the fiist, a slight inciease (15 pei cent) in the second, and a decrease in 
the thud (—2 I pei cent) All of the othei measurements showed a steady 
inciease in volume 



Gkapii 3 — Ctsc 3 Showing percentage of increase in \olume 

At the end of the fii st houi , a distinct 
enlargement of the dependent hand could 
be obseived, and at the conclusion of the 
experiment it was quite marked (Fig 5) 
After concluding the experiments, each 
subject complained of some pain, numb- 
ness, and stiffness of the hand, but after 
using it normally foi an houi, the edema 
subsided and noimal sensation and mobil- 
ity were restoied 

CONCLUSION 

These three cases illustiate a unique 
manifestation of major hysteria which 
simulates surgical lesions That the edema 
lesulted fiom the dependent, immobile 
postuie of the aim was demonstiated by 
the prompt recovery of these patients by 
change of position with the addition of 
minoi incisions in one The expeiiments 
fuither verify this conclusion 
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Fig 5 — Experiment 2 Shows the np 
pearance of the normal left arm after being 
four hours in a dependent immobile position 
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CAISSON DISEASE WITH SPECIAL REFERENCE TO THE BONES 

AND JOINTS-*- 

REPORT OF TWO CASES 

Br vdley L Coley, M D 

AND 

AIoore Moore, Jr , M D 
Xi \\ York, X" Y 

Amoal the unusual nouuicihgnant osseous lesions sometimes encounteied 
aie those piocluced h} caisson disease This condition has leceived but scant 
attention m medical hteiatuie Not mtiequently it has been discoveied by 
accident in the couise ot ladiogiaphic examinations conducted foi othei 
pui poses 

It seems noith while to the authois to point out the chaiacteiistic clinical 
and ladiogiaphic featuics ol this piocess, and to emphasize the fact that it 
must be legaided as one of the causes ot late aithiitic changes wdiich have 
an occupational basis 

Aristotle mentions a metallic ^essel containing an when low^eied into 
watei, and lecoids that the diving helmet was used as pait of the equipment 
of Alexandei the Gieat At the Siege of T}re (333 bc) cliveis removed 
obstiuctions and loosened anchois and eables Julius Caesai desciibes a 
varnished leathei appaiatus foi diving and both Roman and Gieek navies 
emplo}ed diveis 

Although Tiigei a Fiench engmeei, m 1839, w^as the fiist to successfully 
opeiate upon a case of caisson disease, men have been wmiking 111 vaiious 
capacities undei inci eased an piessuies either m caissons 01 diving suits 
since the sixteenth centui}’’ He, incidentally, w'^as the fiist to note and em- 
phasize the extiemity pains wdiich cause subjects to assume the chaiacteiistic 
attitude known as “bends ” How^evei, Paul Beit,-^ m 1871, was the first to 
describe such cases clinically and to advance the eoiiect theory of their etiology 

Though this papei deals chiefly wuth the clinical and ladiogiaphic featuies 
of skeletal manifestations, a biief lesume of lesions by systems is included 

(1) Ceiebiospmal The symptoms lange from numbness and tingling 
to unconsciousness and collapse The special senses aie fiequently involved, 
Menieie’s symptom-complex being noted often 

(2) Caidiovascular Manifested by embolism 

(3) Pulmonaiy involvement is shown by dyspnea (15 per cent of Erd- 
nian’s cases) This is ahvays a giave symptom for it is evidence of massive 
embolism, multiple m the lungs 

Read at the Fifty-second Annual Ateetmg of the Southern Surgical Association 
Augusta, Ga , December 5, 6, 7, 1939 
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(4) \iscctal and Uiogciiital S3'inptoms aic laie, nausea, vomiting and 
cpigastnc pain, howcvci, also being giave signs indicative of massne em- 
bolism 

(5) ''^belct.i) System (osseous, connective, musciilai and fatt)'- tissues) 
Pam IS the domm.iling symptom, occitiimg cithei alone 01 with otliei symp- 
toms m fiom 85 to 90 ])ci cent of the cases The myalgias, ostalgias and 
aitbialgias aie desenbed as “tcaimg, bonng, gnawing 01 lancinating ” Mild 
att.icks aie felt b} almost all woikeis 

(6) Deimal Piuiitis is veiy common and may be the fiist and only 
sj'inptom Lnidity is associated w'ltb seiious cases 

No actual ligines as to the lelativc incidence of lesions accoidmg to sys- 
tems aie found except b}' Quadii,’* who states that the followmig, m decicas- 
mg ordei of fiequencv, b.is been bis expeiicncc (i) Aluscular and aiticulai 
foims (of sudden onset with lapid com se and favotable piognosis) (2; 
\uiiculai The lesions being in the intcin,il eai (3) Cential neivous sys- 
tem With lesions aftectmg locomotion To these cases of sudden onset be 
also gives a good piognosis All wiitcis agiee that dcimal S3mptoms are 
most common for the incidence of the disease is almost loo pei cent, if tinnal 
cases are counted 

It IS well established that all s3mptoms and lesions aie the icsult of actual 
bubble foiination in the cn dilating blood 01 m various tissues These aic 
caused 1)3' the inability of the system to exciete lajiidh enougb via the lungs, 
the excess nitiogen which has been held m supci saturation in the various 
tissues undci inci eased an piessuie 

The blood is almost mstantl3' satin ated at the paitial prcssuie of gas m 
tlic lungs The kidneys (Mill and Cneenwood’*’) satin ate and desatuiate ten 
tunes as iai)idl3 as the bod3', as a whole, wlnle the bod3' becomes coinpletcl3' 
satin ated in five boms (Haldane) 

The ahsoiptive powei foi iiitiogen of fats and lipoids is five to six times 
greatei than that of blood, and lbc3', along with W'atei, aie the chief solvents 
of nitiogcn Dining the piocess of saturation, a laige pait of the nitiogen, 
absoibed 1)3' fat and lipoids, diffuses to them fiom bod3' fluids On dccoin- 
piession the leierse is thought to occui 

The tissues w'lth pooiest blood supjily, in i elation to nitiogen content, aie 
the bone maiiow' and spinal coid These tissues w'lth high nitiogen content 
aie enclosed m bone, thus pi eventing fiee diffusion of nitiogen into contiguous 
tissues and so making them dependent upon a compaiativcl3 pooi blood 
supply foi absoiptioii and ehmination Consequently these is a letaidation 
of nitiogen elimination fiom these tissues wdien bubbles aie pieseiit m the 
blood, and w'hen the pi essm e-head of nitiogen m the tissues is high such 
delay is apt to he piolongecl 

In igo8, Boycott, Haldane and Dainant® show'cd that the onl3' extia- 
vasculai bubbles w'eie those found between the fat cells of the coicl and othei 
aieas iich in adipose tissue No bubbles w'Cie evei noted in the cells tbein- 
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Per Cent 

Per Cent 

Nj Content 


of Fat 

of HoO 

(Cc /loo Gm ) 

Bod}’ as a whole 

15 4 

59 0 

I 4 

Biain 

4 8 

70 Oi 

0 94 

Spinal cord 

27 8 

70 Oi 

2 2 

Bone marrow 

90 0 




Estimated = i 

selves It has ])een shown that nitiogen bubbles giow^ by accietion, and 
piessuie in excess of the woiking let el has been used to i educe the size of 
the bubble in lecoinpiession tbeiapy, which accomplishes little in the wa} of 
lemoval since on lapid decompiession the symptoms letuined In this in- 
stance helium mat he used to displace nitiogen since it is inactive and has 
none of the toxic pio]ieities of oxygen Xaluiall), the tieatment is laigely 
pieventive. In slow decompiession Sjiecific thciap} of bones and joints tvill 
be discussed latei 

Location of Bone and Joint Lc<;wns and Then Relationship to Each 
Othei — The long hones aie the latoied aieas foi both symptoms and 
lesions, possihh the teitebiae and memhianous bones escape, due to the 
high piopoition of led as compaied to fattt maiiow Eidman® lepoits about 
70 pel cent of stmptoms m the lowei exiiemities, chiefly the knees, the le- 
nianidei being in the uppei extiemities These figuies agiee wuth those of 
other wiiteis Also, he aspiiated undei watei a few^ cubic centimeteis of 
gas from undei the peiiosteum ot the tibia of two woikeis 

The location and se\cnty of sjmptoms depend upon the site and volume 
of gas set fiee Pam lesulls when it is confined beneath any 11113 lelding 
tissue (muscle spindles, ligaments, fascia, peiiosteum and neive sheaths) 
S3mptoms aie laie m the livei, spleen, kidne}, fat deposits 01 veins and these 
latter “silent” aieas outnumbei the “painful” ones which m tuin outnumbei 
the “vital” ones, ic the cential neivous system Sjunptoms have occuiied 
during decompiession, hut aie most common duimg the fiist few'^ minutes 
after decompiession Eidman, in 3,692 cases, noted 50 per cent wuthin 30 
minutes, 95 pei cent m thiee houis, but i pei cent delayed ovei six houis 
Foul cases occiiried betw'een 15 and 23 houis Reexposuie after incomplete 
decompiession is knowm to piedispose to attacks, as is the use of alcohol 
shortl}^ piior to exposuie Infaiction fiom an old mjui}^ ma)" deteimine the 
site at wdiich a lesion locates 

Location oj Lesions — Geiman authors desciibe ii cases, all of which 
present lesions involving a laige joint The hip is affected 12 times, the 
shouldei once All cases, wuth two exceptions, aie monarticulai , these aie 
both bilateial, in the hips The)'’ all agiee wuth Phemister, Kahlstiom and 
Buiton^^ that the pathology is a lesult of nutiitional interfeience eithei from 
dnect embolism in a mam nutnent vessel 01 of piessuie on the vessel w^all by 
bubbles, or both This sets up a tiain of infaiction plus aseptic necrosis of 
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vaijing extent J'ollowing this is the classic pictuie of gradual attempts at 
repaii on the pait of the l)one by osteoclasis, cieeping substitution and even- 
tual delimitation hy calcification as dcsciibed elsewheie’* Also, these Ger- 
man authois aie of the opinion that the chaiacteiistic picture of alternating 
aicas of tianslucency and density, with a secondaiy aithritis, is not the result 
of one cxposuie, hut lathei of lepeated insults All agree that the aithritis, 
uhich IS of the defoimmg tjjie, is a lesiilt of absorption, collapse and nev bone 
ioim.ition in, oi neai, an epiphysis Onl} one pathologic specimen was ex- 
amined by them, and that only in the gioss, the head of the femui and capsule 
being dcsciihed as hawng many knobby exciescences The Geiman authors 
make no mention of extensne areas of asej)tic necrosis extending fai along 
the shafts of the long bones fiom the initial diaph}seal lesion The vessels 
m this legion ha\e few anastomoses and are, iherefoie, easily clogged, which 
fact, jnobabl}, mflnentes the location of the lesion 

^^\}nam,-’’ m 1888, lepoited a case of a man w'ho had seveie symptoms 
of caisson disease with pain and swelling above tbe light knee Tw'o months 
aftci the onset an abscess was diained theie and latei anothei one ncai the 
light majoi tiochantei Due to pcisistcnt sinuses, amputation, thiough the 
low'ei thud of the femui, was perfoimed two yeais latei The entne shaft 
of the femui was found to be neciotic and surioundcd b) an iinolucium oiie- 
thnd of an inch thick J his seems to ha\c been a case m which massive 
ncciosis of the fcmoial shaft plus secondan infection pioduced a pictuie 
simulating pyogenic osteomyelitis 

Kahlstiom, Burton and Phemistei’* rcj)oit foui cases of long standing, one 
of wdiich w'as piovcd b} autopsy and one In biojis'v All weie studied clinically 
and 1 oentgenogi aphically 

Molfino’’’ states that 2/ of 30 cases had joint pains, mainly in the lowei 
limbs and especially in the knees He quotes the follownng descending ordei of 
iiecjuency Knee, shouldei , elbow , and hip Motion, both active and pas- 
sive, he states is not painful and aiticulai ])ains peisisted foi only a few days 
The long bones, especially the tibia, W'cre found to be Icndei in the acute 
stage Roentgenogi ams taken thiee to four dajs aftei onset showed no 
notewoi th}’- changes 

Bassoe,^ in 1913, lepoits cases of wdneh nine can be said to hacc 
definite bone 01 joint pathology demonstiablc loentgenologically 01 clinically 
The lesions w'eie located as follow's Hip 6, knee 4, tibia 2, fibula i , shouldei 
(humeial head) i , ankle i , talus i It is notew'oithy that one case wdneh 
had aithiitis in both ankles and the light knee had onl}' the one exj^osure 
aftei w'Oi king undei a maximum pi essiii e of 26 pounds I he talai lesion 
show'ed a mushiooming of this bone into the naviculai w'lth stiffening of the 
ankle, as well as islands of sclerosis and atrophj' m the tibia, but also had 
evidence of lesidual coid disease, thus giving use to the question of ti opine 
osteo-ai till opathy 

No authors lejDoit pathologic fiactuie, except peihaps Bassoe, wdio de- 
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scribes a case ^\hlch had a spontaneous patellai fiactuie ii years after “the 
bends’ Roentgenogi ains sho\\ed osteopoiosis and atiophy of the fiagments 
at the time, but healing was not unusual Tins patient also had permanent 
cold damage due to the disease 

The specific therapy of bone and joint lesions is, naturally, that of pie- 
Aention and correction of deformit} fiom contiacture at the aftected joints 
In the event of sc\eie deforming aithiitis, aithiodesis and aithioplasty must 
each be consideied in i elation to the individual case 

The importance of lecognition of both clinical and i oentgenologic features 
of this disease, \Mth its intimate relationship to possible compensation claims, 
IS self-eMdent There is one case lecoided of aithiitis deformans of the hip 
as an alleged lesult of caisson disease in which causal lelationship \vas not 
established and compensation was denied (Jaegei*-) This, aside from puiely 
legal aspects, appaientl} was adjudged chief!} on the giounds that it was an 
occupational disease and did not occui as the result of one attack Also, the 
first signs were noted three }eais after the exposure and came on inter- 
mittent!} No loentgenogiams of the long bones weie published and they 
were thought to be consistent with earh detoimiiig aithiitis, although one 
expert consideied it to be caisson disease 

Roeiitgenographically, caisson disease may be distinguished by multiple 
distribution in the medullai} poition of the bone, laiely, if evei, pioducmg 
cortical change The shaft is not expanded and the mfaiction piesents as an 
area of irregular!} increased density usually suiiounded by a thin band of 
calcification on the outside of w Inch is a \ ai lable amount of noi mal appearing 
medulla The lesion is located in the diaph} sis and may, oi may not, involve 
the epiphysis and secondanl} the joint Articular changes lesemble aithritis 
deformans The lesions almost alwa}s aie located m the laige long bones, 
namely, the femur, tibia and humerus and more often m the low ei than m the 
upper extremity 

The diseases most likely to be confused m diagnosis aie (i) Chionic 
sclerosing osteitis wdnch is not usuall} multiple and m wdnch theie is evidence 
of cortical thickening and nariownng of the medullai y cavity (2) Low^ giade 
sclerosing osteogenic sarcoma m wdnch there is definite pam fai m excess of 
that 111 caisson disease, and the aiea of involvement fades by insensible giada- 
tions to noimal tissue, also, theie is no sharply delimited calcific boundary 
(3) Calcifying enchondroma wdnch, although frequently multiple and sym- 
metric, is usually expansile and does not involve the joints (4) Lues can 
be differentiated by periosteal reaction and serologic tests (5) Tuberculous 
diaphysitis usually show^s laminated new^ bone along the shaft and does not 
have the irregulai outline plus the peripheral band of calcification, it also 
IS not multiple, and supporting stigmata may be found elsewdiere in the body 
A history of exposure to compressed air can be elicited ahvays, and this is the 
deciding point 
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"J'hc locntgcnogiaphic pictuie is easily explained by the pathology This 
has been showid* to consist of a ccntial aiea of dead bone whose niegnlar 
outline IS due to ])ailial leplacenient by new bone and new inaiiow^ When 
the icplaccment piocess ceases the legioii is bounded liy a band of calcifi- 
cation Small aieas can be leplaccd entirely by dense new^ bone Joint 
changes aie dependent upon the same piocess plus the added factor of w^eight 
beai mg m many instances 

Thus the entne pictuic may be explained on the liasis of vascular insuffi- 
cienc} and nutiitional distin banco in then late stages 

cast: ni.poRTs 

Case I — At II, male, white, age 57, was a compressed air worker who was first 
treated at the I^tcmori.il Hospital, Juh, 1938, for a sc|uainous carcinoma of the tongue 
The patient had worked as a "sand liog" for about 16 >cars, during w’hich time he had 
mam trniil and at least eight dcfinitel> recognizable attacks of the "bends’^ The first 
attack w\as about 1904, the last in 1918 In November, 1914, while wwking on the 
Colorado Rncr Irrigation project, at 38 pounds' pressure and m intense heat (to about 
130° F), the patient sufTcred his most severe attack immediateh after coming up from 
the dccompicssion terminal At tins time workers alternated one hour of rest after each 
liour of labor for a total of eight hours The patient suffered collapse and unconscious- 
ness, which were of short duration He experienced aphasia for two davs and loss of 
urmar} sphincter control for thiee to four davs, but no loss of rectal sphincter control 
No Msual or auditorv symptoms were noted, but he did have a complete right hemi- 
plegia, lasting 13 to 14 davs His recoveiv was rapid and he returned to work three 
weeks after the incident, able to do a full dav's work During his convalescence he had 
marked muscle and joint pains referable to the right upper and lower extremities 

He also had an attack in 1918 in New \ork Bav, at which time the abdominal wall 
became discolored but there were no other remarkable svmptoms In all attacks pain 
was referable espcciallv to the light hip and shoulder There was never anv joint swell- 
ing or discoloration After the 1914 incident, patient noted a gradual stiffness of the 
right hip and shoulder, being definitclv noticeable in a few months’ time He had pain 
of a dull nature, which was somewhat aggravated bv raw weather though it had been less 
in the past two to three }cars The left knee had had milder similar pains 

Physuol Exowwafion — The right hip is almost completely ankvlosed m about 10° 
flexion and 10° adduction 


Measurements 

Right 

Left 

Ant sup spine to internal malleolus 

86 0 cm 

92 5 cm 

Tibial tubercle to internal malleolus 

34 5 cm 

34 5 cm 

Thigh circumference 



(20 cm abov’^e tibial tubercle) 

37 5 cm 

40 5 cm 


The patient stands with a marked elevation of the light pelvis and a compensator) 
lumbosacral scoliosis Patient walks with a definite right hip limp 

Right upper extremity External rotation is m/ Internal lotation about one-half 
normal Glenohumeral abduction to 35 ° » combined wnth scapular motion and anterior 
elevation to 75° Patient can just put his hand on the iliac cicst and comb his hair 
There is some crepitus in the shoulder with motion, but no pain 

Neurologic Findings Right Left 

Knee jerks Tw^o plus Three plus 

Ankle jeiks One plus Two plus 

Biceps (humeri) One plus Two plus 
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Fig I — Case i Showing n cli'inctenstic nicdullarj in Fig 2 — Case i Shossing the tibial lesion 
firct in the right femur 



Fig 3 — Case i Showing the arthritis de Fig 4 — Case i Showing the arthritis 

formans — note the osteophytes deformans of the right hip ssith almost com 

plete fusion 
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There IS a left Iforncr’s S}nclromc 
RocirtgenoRraplncalb, lire patient picrcnted lesions in the following areas 

(1) Riglit lower femoral ciiaphjsis (I'lg i) 

(2) Right upper tihial diaplnsis (Fig 2) 

(3) Riglit shoulder and humcial herd (Fig 3) 

(4) Right hip and femoral head (Fig 4) 

(3) Left lower femoral shaft 

(6) J eft Inmrcial head (sirrall) 

Otlier than the light hip and shoulder, the lesions were chiiicallj “silent” 



Tig 5 — Case ;* Showing both a proiluctuc irthntis of the 
riglit shoulder joint 'ind c\tcnsi\c cIuijIivsctI Jesions of the 
humerus 


Case 2 — W R, Negro, mile, age 49, was first seen ni the ^Memorial Hospital, 
Decembei, 1938, at w'liich time he w^as referred to us for treatment of bronchiogenic 
carcinoma, arising from the right mam bronclms A routine roentgenogram of the chest 
included a portion of the right humerus, which showed a huge infarct m the shaft of the 
bone, and views of the humerus itself were then obtained, but at that time we w^ere 
unable to diagnose tlie lesion On being questioned, at a later date, the patient gave the 
following histor} In 1930, patient worked as a ‘"sand hog'' on the Erie Tunnel project, 
w^orking m pressures up to 40 pounds He was thus employed for about four months, 
and this w^as his only connection with compressed air w'ork About two to three da}S 
after commencing it he had had a verv trivial attack, noting some soreness and tntld pain 
with slight subsequent stiffness referred solely to tlie shoulders and arms About two 
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weeks later he came up fi oni the decompression terminal, after working at 30 pounds’ pres- 
sure, complaining of severe pains, particularly in his shoulders and both entire upper ex- 
tremities There was pain in the lower extremities to a lesser degree, chiefly the knees 
He did not lose consciousness or become paralyzed Within 20 minutes, after the onset, 
he ^\as replaced in compressed air and the pain was slowly alleviated, requiring about 
eight hours There were no central nervous system symptoms whatsoever Following 
this attack there was extensile stiffness and soreness of both upper and lowei extremities, 
the former locale being more noticeable However, he continued to work under vary- 
ing pressures with a stead} diminution of s} mptoms , all disappearing m two to three 
weeks He then noted a giadual loss of the normal mobilit} of right shoulder, but had 
no joint pains there The patient suftered no other attacks of the “bends ” In January, 
1939, he experienced a moderatel} acute attack of arthritis m his left wrist Again, in 
kla}, 1939, he had a similar episode affecting the left shoulder Both responded to 
S}niptomatic treatment and in neither was an etiologic agent determined, or significant 
roentgenologic changes noted 

Physical Examination — Ankles, knees and hips normal Right shoulder Atrophy 
of soft parts of the girdle Internal rotation about io°-i5° External rotation o°-5° 
Glenohumeral abduction to 40°, combined with scapular motion and anterior elevation 
this increases to 75° He can just put his hand on the iliac crest Right elbow and wrist 
negatue No reflex changes noted 

Roentgenographicall} , this patient showed lesions in the follownng regions 

(1) Right humeral shaft and shoulder (Fig 5) 

(2) Left lower femoral shaft 

(3) Left upper humeral shaft (small) 

(4) Left upper tibial diaphysis (small) 

(5) Right upper tibial diaph}sis 

(6) Both ischii (small) 

The lesion m the right shoulder was the only one giving clinical signs 

SUMMARY 

The available liteiatuie lefeiable to caisson disease, paiticularly as ex- 
hibited in the skeletal system, has been reviewed 

It seems quite likely that the cbaractenstic lesions can result fiom one 
insult of sufficient severity 

The late effects of mtiogen gas bubble foimation m the tissues and cii- 
culation form a recognizable pictuie, both clinically and loentgenogiaphically, 
the importance of wdiicb, m the field of compensation claims, has been 
pointed out 

Two cases have been piesented Each of these has lesions wdiich are clini- 
cally silent 111 addition to the evident aitbiitis 

Attention is called to caisson disease as a possible cause of vague bone and 
joint pains wdiich may be discovered later as “silent” areas of aseptic necrosis 

BIBLIOGRAPHY 

^ Bassoe, P Late Manifestations of Compressed Air Disease Am Jour Med Sci , 

145. 526, March, 1913 

^ Behnke, A R Application of Measurements of Nitrogen Elimination to Problem of 

Decompressing Divers U S Nav Med Bull , 35, 219, April, 1937 
^Behnke, A R, and Shaw, L A The Use of Oxygen m Treatment of Caisson Disease 

U S Nav Med Bull , 35. 61, January, 1937 
^ Bert, P La Pression Barometrique , Pans, 1878 

1073 



COLEY AND iMOORE, JR AnnnlsofSurMn 

Tunc 1^10 

Bornstcm, A , and Plate Ubcr chroiusche Gtlenkveranderungen, entstanden durch 
Prcssltifieikrankimg Fortsclir ad Gcb d Rontgcnstralilcn (Hamburg) i8 107- 
207, 1011-1912 ’ ’ 

•’Bojcott, Damaiit, and Haldane Tbe Prc\ention of Compressed Air Illness Jour 
Ihg, 8, No 3, June, 1908 

' Clinsl, A Stud\ of Caisson Disease and Tepieal Form of Disease of Hip Joint Deutscb 
Ztsebr f Cbir, 243, 132, 1934 

*' Erdman, S Tbe Acute EfTccts of Caisson Disease Am Jour Med Sci , 145, 520, 
April, 1913 

"Frank, H Caisson Disease of Hip Joints Muneben Afed Wcbnscbr, 82, 457, March 

21, 1935 

'"Hill, L Caisson Siekness London, 1912 

" Hodges, P C, Pbemister, D B , and Brunscbwig, A Tbe Roentgen Rae Diagnosis of 
Diseases of tbe Bones and Joints Tbos Nelson and Sons, 1938 
'-Jaeger, F Arthritis Deformans of Hip Joint as Alleged Result — Causatnc Relation 
Not Established — Compensation Denied Monatscbi f Lnfallhr , 44, 374, JuK, 

1937 

'^Kablstrom, S C, Burton, C C, and Pbemister, D B Aseptic Necrosis of Bone 
Surg , Gjnee and Obstet , 68, 129-146, Febiuars i, 1939 
"Kcajs, F L Compressed Air Illness with a Report of 3,692 Cases New \ork Cit%, 
1909 Med Dept Pub, Comcll Unn Med Coll 
Molfino, F Artbralgic Foi m of Caisson Disease Rassegna di med ajipl la\oro indust , 
8, 92-98, April, 1937 

'"Plate, E Arthritis Deformans of Hip (Case) Arch f Ortbop , 26, 201, 1928 
'"Qtndri, U Caisson Disease with Rcpoit of 41 Cases Cersello, 16, 275-300, Sep- 
tember 15, 1937 

'"Sajers and "iant Tbe ^^^luc of Helium and Owgen m Dning Ancstb and Analg, 
5, 127, June, 1926 

'"Seifert, E Rare Disease of Hip Joint Zcntralbl f Cbir , 63, 2318, September 26, 
1936 

Sbaw', L A Pbjsiologic Effects of High Pressures Jour Indust Ihg and Toxicol, 
18, 486, October, 1936 

Sbilling, C W Caisson Disease and Its Relation to Tissue Saturation with Nitrogen 
U S Nav Med Bull , 33, 434, October, 1935 
--Shilling, C W Comiircsscd Air Illness Rcsiew' of Literature U S Nav !Med 
Bull, 36, 9, Jainiarj, 1938 

-'’Shilling, C Sjmptoms of Compressed Air Illness U S Na\ Med Bull, 36, 

235, April, 1938 

Singstad, O Industrial Operations in Compressed Air Jour Indust Hjg and 
loxicol, 18, 497-523, October, 1936 

-'’Tw’jnam, EGA Case of Caisson Disease Prince Alfied Hosp , Sedne\, N S M 
Brit Med Jour, i, 190-191, Januai>, 1888 
Vernon Solubility of An in Fats and Its Relation to Caisson Disease Proc Roe 
Soc , 79, B 21, 1907 

Discussion — Dr Isidore Cohn (New Oilcans, La ) While I have seen 
none of these cases, we can nevei tell when some of these people who have 
been working on constiiiction pi ejects of this kind might happen to come 
oui way, and I am sine m this case I might have thought of Gaiie’s disease 
In one of these cases the lateial vieiv of the tibia would have made me think 
of the scleiosmg type of osteitis In both shoulders I noted an absoiption of 
the neck with the pioduction of what w^ould correspond to a coxa vaia of the 
hip I am amply repaid foi staying over to see these pictui es and hear Doctoi 
Coley 
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Dr Bradley L Coley (New Yoik, N Y, in closing) In aiisYci to 
Doctoi Cohn’s question, I would say that I think the bony defoimity he 
mentioned in the uppei humeius is also present, to a certain extent, in the 
views of both hips of the hist patient It is appaiently due to a giadual 
softening dining the peiiod wdien the mfaicted aiea of bone is becoming 
calcified 

It seems to me that wnth conditions as unsettled as they are to-day, and 
with submaime and othei types of waifaie so geneial, it is not beyond the 
lealm of possibility that some of us may encountei moie of these cases as 
tune goes on, paiticulaily if — as it now" seems most unlikely — this country 
eventually becomes invoked in anothei Woild Y ai 
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A MODIFIED SPUK-CRUSIIING CLAMP AND ITS USE^ 
CnAnLi:s II Watp, MD 

h IS gcncially <it(ieccl lliat the c\lenoii/ation t3pe of opeiation in some 
foini, foi icscction of l!ie left colon and upper sigmoid, carries with it the 
nnmnnim of nsk 'J he pioccdure commonly known as the Mikulicz multiple- 
st.ige lesection has a lathei limited field hut in a modified foim permits just 
as ladical lemoval .is ,iny othci opeiation Exteiioiization lescctions, such 
as that desciihcd by Rankin* and known as the “obstructive resection,” have 
gte.Uly extended the field of this piocedure without increasing the risk to any 
appieciahle extent llowevei, there are seveial objectionable features, ac- 
({1111 ed at the puce of safct\, which, if i educed to a minimum, should give 
-.till hioadci scope to this excellent pioceduie 



It IS not the pin pose of this presentation to enter into a discussion of 
the advantages oi disadiantages of any opeiation but to call your attention 
to the wnitei’s modification of a spui-ciushing clamji which, foi him at least, 
has eliminated some of the objectionable featuies of the exterioiization type 
of lesection refeiied to aboie 

These objectionable features may he biicfly listed as (i) Long con- 
valescence due to multiple stages, (2) a colostomy wnth its accompanying 
disagieeable featuies, (3) lepeated applications of the spin -ci iishing clamp 
often associated wnth pain, nausea and vomiting, (4) the risk of clamping 
beyond the desiied aiea and the associated dangei of injtiiy to small bow'el, 
and (5) the difficulty m closing the colostomy in a small peicentage of cases 

The wuitei recentl}'^ diiected a biief questionnaire to a small gioiip of 
sutgeons known to be especially mteiested in surgery of the colon The 
object of this questionnaire w'as to find out whether or not these men, in their 
extensive experience, had encounteied the same difficulties the writer had 

* Read before the Fiftj'-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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with the exteiioiization opeiation, in his moie limited expeiience Theie was 
a ceitain degree of satisfaction obtained in leainmg that they, too, found it 
necessai), as a lule, to make at least two, and often thiee, applications of the 
spill clamp, and that in a cei tain pei centage of their cases the colostomy failed 
to heal completely aftei the fiist attempt at closuie All weie of the opinion 
that such failuie is usually due to insufficient destiuction of the spui 



Fig 2 — The author’s modification of the Stetten clamp Detailed description of this 

damp will be found in the text 


This repeated application of the clamp, with its accompanying discomfoit, 
which may be follow^ed by failure of the colostomy to heal aftei operative 
closure, is likely to be veiy disheaitenmg to an already discouraged patient 
Any clamp oi impiovement in technic that will peimit one to obtain a 
sufficient cut thiough the septum with one application and at the same time 
insure the safety of the adjacent small bowel will reduce both the discomfort 
and the hazaids of the operation and shorten the period of convalescence 

In pel forming the extei lonzation operation, most surgeons prefer to 
suture the tw'^o ends of the seveied bow^el togethei for a distance of four or 
five inches to lessen the chance of clamping adjacent small bowel How^ever, 
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tis jioiiitccl out by ftickisoii hcfoic this Associcition last yCcii, ci five-inch suture 
lint on the liowel 111,13- ‘’In ink to less than tliiec within a short while An at- 
tempt, thciefoic, to tut the spiu to the appioximatc depth of the aiea siituied 
ma\ itsult 111 the jaws of the clamp biting beyond this aiea and injuiing ad- 
jateiit bowel 

lulema .md induiation at the site of the lesection usually make it diffi- 



I K 3 — Showing? rcniovTl of the section of the bowel containing the growth, 'ilong with 

the inesentcrj *iiul nodes 

cult to appl)- a clamp foi any depth until such leaction has subsided Be- 
cause of this some suigeons piefei to wait seveial w-ecks befoie attempting 
to cut the septum This means a delay in the ultimate closuie of the colostomy 
and piolongs convalescence 

The clamp the w-iitei w-ishes to call to youi attention peimits the opeia- 
toi to acciiiately deteimine the location and depth of the opening to be made 
m the septum w-ith one application and insuies against injury to adjacent 
bowel The ciushing foice ma)-^ be applied the moment the obstructing 
clamps aie lemoved 01 at an)-- time thereaftei 
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Dcsaiptwn of Claiup — The clamp is a modification of the Stetten spui- 
ciiishei (Fig i) This clamp is m common use to-day and need not be de- 
scribed One advantage of this style clamp is that it pioduces equal piessuie 
thioughout the entiie ciushmg surface at all times 

In the wi iter’s modification of this clamp the jaws aie slightly widei and 
aie foul inches long (Fig 2) Instead of grooves on the crushing suiface, 



one jaw, called the uppei jaw (Fig 2 a) foi identification pui poses, is pei- 
fectly smooth, while the other, called the lowei jaw (Fig 2 b), is hollowed 
out to leceive the third pait, called the tongue (Fig 2 c), leaving a nariow 
crushing surface, or 11m, around the gioove 

This third pait, or tongue, lathei lesembles a spatula with a blade and 
handle The blade is made so that it fits loosely in the gioove m the lowei 
jaw (Fig 2d), and staggeied eveiy half inch along its edges aie small 
perforations 01 sutuie holes The handle contains thiee holes that fit over 
the posts on the jaw^ handles wdien the clamp is assembled (Fig 2 e) 
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Method of Using Clamp — Ihe poitioii of bowel containing the area to be 
resected is delneied and excised, along w'lth its mesentery and nodes, be- 
tween ciushing clamps (Fig 3) The tu^o ends of the cut bowel are ’then 

brought together m the usual way for a distance of three or four inches, if 

possible But, instead of suturing these together at this point as is usually 

done, the longue pait of the clamp is sutuied to one of the bow'el ends, prefer- 



Tig 5 — Slio\\ inp the mesml side of the bowel ends sutured together with 'i con 
tinuous suture of fine chromic entgut — burving the hHde of the tongue like t finger in 
a glo\e An atraunntic needle is usinlh used instead of the large e^e shown here by 
the artist The peritoneum is shown stitched to the bowel 

ably along a longitudinal band, by thiee 01 foui mteiiupted, fine silk sutuies 
(Fig 4) This blade is so placed that its tip will be at the base of the future 
septum or spui After the blade of the tongue has been anchored in this 
manner, the tw'o ends of the bow'el aie sutuied togetbei (Fig 5) in the usual 
way, wnth a continuous suture of fine chiomic catgut, so that the blade is 
buried between the bow^el walls like a finger in a glove If the bow^el has 
been rotated mesially, as suggested by McNeely and Lichtenstein,^ wath the 
mesentery laterally, it is only necessaiy to sutuie the bowel ends together on 
the mesial side of the blade and around the tip The lemaining steps m 
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this stage of the opeiation consist in the usual suturing of the peritoneum 
aiound the two bowel ends and loosely closing the wound edges, leaving the 
bowel ends, occluded by the ci ushing clamps, proti udmg from the wound with 
the handle of the tongue using between them like a periscope 

At the end of 48 or 72 houis, depending upon the patient’s condition and 
comfoit, both obstiucting clamps aie lemoved and the jaws of the ci ushing 
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Fig 6 — Both obstructing clamps ha\e been lemoved, the bo^\el ends opened, and the 
jaws of the crushing clamp ha\e been fitted to the blade ready for the crushing force to be 
applied bj scre^\Ing down the wing nut 

clamp are applied at once, one in the ascending and the other m the descending 
aim of the double-ban el colostomy (Fig 6) It is not necessaiy, as a rule, to 
feel with the flngei within the hovel ends for the spin before inserting the 
jaws The tongue or guide shows the way and has kept the bowel “ironed 
out” When the posts of the jaws fit in the holes on the tongue handle theie 
can be no question as to where the jaws aie One may be suie (i) That 
no stray loop of bowel has gotten in between the jaws of the crushing clamp, 
(2) that the septum will maintain its oiiginal length, because it has been 
kept “ironed out” by the tongue blade, and (3) that one application of the 
clamp will crush the spur as far down as the tongue blade is sutured, namely, 
to the base of the spur 
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As soon cis the cl<inip is fitted, picssiuc is everted by screwing down on the 
ning-mit 1 his is done sc\eial times each day and is usually painless Ihc 
cntii^: clani]) with the ncciotic poition fiom the septum usually comes .uvay 
on the sixth oi seventli day By this time the edema of the bow^el ends has 
gic.itly subsided and one Ina^ attempt closuie of the colostomy at this time 
with a reasonable assuiance of its lemaining closed How'cver, the lemoval 
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1 jp — .Ihc mesnt suks of the howtl ends ln\e been remoxed hx the nrtist to 

shoxx the rcl Uionship bttxxten the bowel walls and the different units of the damp 

of the clamp is usually the beginning of a thiough passage of bow'el contents 
soon to be follow^cd by noi mal bow'el movements and lessening of the colostomy 
diainage Since both of these aie enconi aging to the patients, w'C usually allows 
them to leave the hospital aftei ten days oi tw'o wrecks 

Some of these cases would no doubt heal without fuithei suiger3% but 
unless theie is some contiaindication, w'e piefei to have them retnin aftei two 
w'^ecks foi an evtiapeiitoneal closuie, m oidei to eliminate a possible hernia 
With a deep, wncle opening m the septum, flush wnth the bow^el flooi, the 
closuie of the colostomy tiansveisely is i datively simple and should be fol- 
lowed by veiy few failuies 

Tw'o theoietic objections have been laised to the employment of this tongue, 
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SPUR-CRUSHING CLAMP 


namel} (i) The additional sutuies inciease the iisk of infection, and (2) 
the blade tends to allow diainage fiom the bowel to seep down between the 
appi oxiinated sui faces 

Natuially. caie should be exeited 111 intioducing all sutuies into tlie bowel 
wall The sutuies anchoiing the tongue aie shut off fioni the general peii- 
toneal cavity by the innning sutuie commonly used, and by applying the clamp 
as soon as the obstiucting clamps aie lemoved theie is no chance foi the 
bowel contents to entei the pocket containing the tongue-blade 



H-L-TRtUSCH-M-t) 

Fig 8 — E\trapentoneil closure of the colostomy Suture line transteiselj 
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